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struct is employed with a suk>sequent initial primer or 
nudeic acid construct. In other non-linear amplification 
processes provkJed by this invention, a first initial primer 
or nucleic acid construct is deployed with a second ini- 
tial primer or nucleic acid construct to amplify the spe- 
cific nudeic acid sequence of interest and its 
complement that are provkled. A singular primer or a 
singular nudeic ackJ construct capable of non-linear 
amplification can also be used to carry out non-linear 
amplification in accordance with this invention. Post-ter- 
mination labeling process for nudeic ackl sequendng is 
^ also disclosed in this invention that is based upon the 
^ detection of tagged molecules that are covalently bound 
^ to chemically reactive groups provided for chain termi- 
CO nators. A process for producing nucleic acid sequences 
O having decreased thermodynamic stability to connple- 
T- mentary sequences is also provkJed and achieved by 
^ this irwention. Unique nudeic add polymers are also 
disclosed and provided in addition to other novel com- 
^ positions, kits and the like. 
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Description 

RELP OF THE INVENTION 

5 [0001] This invention relates to the field of recombinant nucleic acid technology, and more particularly, to processes 
for nucleic acid amplification, the post-termination labeling for nucleic acid sequendng and the production of nucleic 
acid having decreased thermodynamic stability. 

[0002] All patents, patent applications, patent publications, scientific articles, and the like, cited or identified in this 
application are hereby incorporated by reference in their entirety in order to describe more fully the state of the art to 
10 which the present invention pertains. 

BACKGROUND OF THE INVENTION 

[0003] The first system described for the successful in vitro exponential amplification of target nucleic acids is the 

15 Polymerase Chain Reaction (PCR) (Saiki et al.. 1985 Science 230 : 1350-1354). PCR has been widely used for allele 
determination, forensic identification, gene analysis, diagnostics, cloning, direct sequencing and other applications. 
Subsequently, Reverse Transcriptase (RT) was used to transform an RNA molecule into a DNA copy allowing the use 
of RNA molecules as substrates for PCR amplification by DNA polymerase. In addition, conditions have been described 
that allow certain DNA polymerases to perform reverse transcription by themselves (Myers. TW. and Gelfand, DH. 

20 [1991] Biochem. 30; 7661 -7666), contents incorporated herein by refernce. Finally Rose et al. (U.S. patent #5,508.1 78. 
also incorporated herein by reference) have described the use of inverted repeat sequences as choices for PCR primer 
sequences, allowing the use of a single primer to initiate polymerization from each end of a target nucleic acid to create 
a PCR amplicon that in single-stranded form can be drawn as a "pan-handles" with self complementary sequences at 
each end. In order to utilize targets that lack inverted repeats, this group has also described various methods to intro- 

25 duce sequences into a PCR ampticon, such that the final product would have self-compiementary sequences at each 
end (U.S. patents #5.439.793. #5,595,891, and #5.612,199, each of which is incorporated herein by reference). 
[0004] Both the original PCR amplification system and various improved PCR systems suffer from the limitation of a 
necessity for expensive dedicated thermocyders to provide the multiple temperature conditions that are intrinsic to the 
PCR method. This necessity is derived from the problem that the extension of a primer creates a product that has a 

30 stronger association with a template than the primer used to create it. As such, in a system like PCR, temperatures that 
allow binding of a primer are too low to allow separation of the extended product from its template and temperatures 
that are elevated enough to allow the separation of the extended product are too high to allow another priming event. 
The second priming event can not take place until after the first extended strand is separated from its template. As such, 
in PCR amplification, primer binding to template and the sequential release of the extended primers from the template 

35 have to be carried out at separate distinct temperatures and require a thermocycler to provide repeated sequences of 
distinct thermal steps. The existence of discrete cycles with different conditions also necessitates an optimization of 
temperature for each individual temperature step as well as an appropriate timing for each step. Similar problems also 
apply when ligation is used in the LCR reaction (Backman. K. et al. European Patent Applicatbn Publication No. 0320 
308. Landegren. U.. et al., 1988 Sdence 241 : 1077. Wu, D. and Wallace. R.B. 1989 Genomics 4; 560. Barany. F 1991 

40 Proc. Nat. Acad. Sci. USA SS; 189) where the temperature required for binding individual probes is less than the tem- 
perature required to release them after they have been stabilized by a ligation event. All of the foregoing documents are 
incorporated herein by reference. 

[0005] Others have recognized these limitations and tried to overcome them by providing means to accomplish mul- 
tiple cycles under isothermal conditions. Examples of this are 3SR (Kwoh, D.Y. et al., Proc. Nat. Acad. Sci. USA 86; 

45 1 1 73-1 1 77) and NASBA (Kievits. T. et al.. 1 991 J. Virol. Methods 35; 273-286. the contents of each of which is incorpo- 
rated herein by reference). Each of the preceding systems has the limitation of a necessity for the introduction of an 
RNA promoter into the structure of the nucleic add being amplified. Consequently, there is also a limitation that these 
systems are dependent upon a cycling reaction between DNA and RNA forms of the sequence of interest A depend- 
ency upon the production of an RNA intermediate introduces a limitation of susceptibility to RNases. enzymes that are 

so ubiquitous in the environment and are frequently present in biologically derived specimens. In addition, the nature of 
the design of these amplification systems has the further limitation that they require the presence of four distinct enzy- 
matic activities: DNA polymerase. Reverse Transcriptase, RNase H and RNA polymerase. In the TMA reaction, these 
activities are provided by the Reverse Transcriptase and RNA polymerase enzyme whereas in 3SR and NASBA they 
are provided by Reverse Transcriptase. RNase H and RNA polymerase enzymes. Each of these activities is required 

55 for the system to be functional, and as such there is a necessity for the manufacturer to test and titrate each function 
individually, thereby increasing the cost compared to systems that utilize a single enzyme activity In addition, at a min- 
imum, at least two different enzymes have to be used to provide afl the necessary functions, thus rendering these sys- 
tems more expensive than those that utilize a single enzyme. Furthermore, these systems require ritx}nucleotides as 
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well as deoxyribonudeotides to be present as reagents for the reactions. The presence of multiple activities also cre- 
ates more steps that are vulnerable to being inactivated by various inhibitors that may be present in biological speci- 
mens. 

[0006] In the Strand Displacement Amplification method described by \A^lker et al. (Proc. Nat. Acad. Sci. U.S.A. 1 992, 
5 SS; 392-396. incorporated herein by reference), isothermal amplification is carried out by the inclusion of a restriction 
enzyme site within primers such that digestion by a restriction enzyme allows a series of priming, extension and dis- 
placement reactions from a given template at a single temperature. However, their system has the limitation that 
besides the basic requirement for a polymerase and substrates, three additional elements are required in order to carry 
out their invention. First, there is a necessity for the presence of appropriate restriction enzyme sites at tiie sites where 
TO priming is to take place; secondly, there is a necessrty for a second enzyme, a restriction enzyme, to be present, and 
lastly there is a necessity for specially modified substrates, such as thio derivatives of dNTPs to be present. A variation 
of this metiiod has l^een described (U.S. Patent # 5.270,184, Incorporated herein by reference) where the limitation of 
a necessity of a restriction enzyme site in the target has been eliminated by the use of a second set of primers that are 
adjacent to the primers with the restriction enzyme sites. However, in this variation, a system is described that has a 
IS new limitation of a requirement for a second set of primers while retaining the otiier two limitations of a need for a restric- 
tion enzyme and modified substrates. 

[0007] Temperatures used for the various steps of full cycle amplification are dictated by the physical constraints that 
are intrinsic to each step. As such, in prior art the temperature used for complete displacement of extended strands 
from templates is typically around 92-95"C. This high temperature has been used to insure an adequate efficiency of 

20 separation such that an extended strand can be used as a template for subsequent reactions. When PGR was first 
described, the polymerase was derived from E. cdi and as such there was essentially complete thermal inactivation of 
the polymerase after each denaturation step that required the addition of more enzyme (Saiki et al., 1985 Science 230 : 
1350-1354). This problem was addressed by the use of a DNA polymerase from a thermophilic bacterium. T aquaticus. 
in PGR reactions (Saiki et al., 1988 Science 232; 487-491). Each of the foregoing Saiki publications is incorporated 

25 herein by reference. Due to Its inherent heat stability, enzyme was continuously present tfiroughout the PGR cycles and 
no further additions were required. Since that time, polymerases from other thermophiles have also been isolated and 
used in full cycle reacttons. However, even though they are more robust in their resistance to thermal inactivation, these 
polymerases all suffer from a limitation of having a certain level of inactivation after each denaturation step that is dic- 
tated by a half-life for tiiat particular enzyme at the temperature used for denaturation. Also the high denaturation tem- 

30 perature can also decrease the levels of dNTP substrates by hydrolysis and lead to inactivation of proteins that may be 
added to supplement the efficiency or specificity of the reaction. 

[0008] Full cycle PGR conditions have been modified such that lower denaturation temperatures could be used. Auer 
et al. (1996. Nud. Acids Res 24; 5021-5025, incorporated herein by reference) have described a procedure that used 
dITP. a natural neutral analogue of dGTP. By this substitution, tiiey succeeded in avoiding amplification of double- 

35 stranded DNA that may k>e present in their samples and only amplified RNA targets. By no means is there recognition 
or appreciation of a utility for DNA targets. In fact, they teach away since tiieir purpose is to avoid tiie use of DNA targets 
as templates. Their teachings have a limitation that the substitution of dITP also necessitated a compensatory decrease 
in the temperatures used for the annealing (50 *G). In addition, the art described by Auer et al. relies upon the use of a 
nucleotide analogue that is known for a lack of discrimination for t>ase pairing, thereby introducing tiie possibility of ran- 

40 dom variations being introduced into tiie sequence being amplified. When tiiese alterations are in ttie primer binding 
area tfiey may cause problems in priming effidency and when they are in sequences between the primers tiiey may 
introduce difficulties in detection probes being able to bind efficientiy The present invention is capable of using bases 
that exhibit normal levels of base pairing discrimination thereby avoiding the mutagenic events that are part of tiie pre- 
vious art. 

45 [0009] Determination of the nucleic acid sequence of genes and genomes is a major activity In both commercial and 
non-profit laboratories. The two basic systems tiiat have been employed for this purpose are the base specific deavage 
metiiod described by Maxam and Gilbert (Proc. Nat. Acad. Sd. U.S.A. 1977. 24. 560-564) and tiie dideoxy method 
described by Sanger at al. (Proc. Nat. Acad. Sci. U.S. A. 1977. 74, 5463-5467). Both of the foregoing dassical papers 
are incorporated herein by reference. Due to its ease of use the latter metiiod is more commonly used. Both of these 

50 metiiods initially relied upon radioactive substrates for obtaining sequence information. For Maxam and Gilbert 
sequencing, this was most commonly earned out by end-labeling each strand and then separating each labeled end. 
For Sanger sequencing, either tiie primer is labeled or radioactive dNTP*s are incorporated during strand extension. 
Sequence data was produced by autoradiographic detemriination of the position of radioactively labeled DNA bands of 
various lengths that had been separated by electrophoresis through a polyacrylamide gel. 

55 [0010] In more recent years, sequencing metiiods have been improved by the substitution of non-radioactive labels. 
Non-radioactive labeling, potential positions for these labels and applications of tiieir use are disclosed by Engelhardt 
et al., in U.S. Patent # 5.241 ,060, which was originally filed In 1982. Such labels can be in the oligo primer or in tiie suk>- 
strates used for synthesis. I.e. the dNTP or ddNTP nucleotides. Signal generating moieties can act directly as exempli- 
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fled by the use of fluorescently labeled primers (Beck et al.. Nucleic Acids Res. 1989, 17; 51 15-5123) or indirectly as 
exemplified by the use of biotin labeled primers (Ansorge et al.. J. Biochem. Biophys. Methods 1986. 1£; 315-323 and 
). In addition, biotinylated nucleotides could t>e incorporated during limited primer extension (Sequenase Images^** Pro- 
tocol Book 1993 United States Biochemical Corporation. Cleveland, Ohio). The foregoing four documents are incorpo- 
5 rated herein by reference. A limited extension is required to standardize the amount of band-shifting caused by the 
modification in the nucleotides. 

[001 1 ] However, primer labeling has the limitation that there can be secondary structure or problematic sequences in 
the template strand that can cause inappropriate chain termination events that create ambiguities in the proper base 
assignment for that position. Incorporation of labeled dNTPs during the extension of the primer also suffers from this 

10 limitation. This limitation is valid regardless of whether radioactive or non-radioactive \abe\s are used. 

[0012] This limitation has been circumvented by the choice of the chain terminator nucleotide itself as the source of 
the label. This has been described by Hobbs and Cocuzza in US patent # 5,047,519 and by Middendorf et al.. in U.S. 
Patent # 4.729.947 for fluorescently labeled ddNTPs and by Middendorf et al., in U.S. Patent # 4.729.947 for biotin 
labeled ddNTPs that were later marked by fluorescent avidin. (For further reference refer to U.S. patent nos. 5.027,880: 

IS 5.346.603: 5.230.781 : 5.360.523;and 5.171,534.) Each of the foregoing seven patents are incorporated by reference 
into this application. By this method, signals will be generated by strands that have incorporated a chain terminator. The 
presence of strands that have been terminated without the incorporation of a terminator nucleotide is now irrelevant 
since they are incapat3le of signal generation. However, this method has the limitation that the presence of additional 
chemical groups that provide signal generation produce steric or other inhibitory problems for the polymerase directed 

20 irrcorporation of the labeled terminator nucleotide, thereby decreasing the efficiency of the reaction (Prober et al. in U.S. 
Patent # 5,332,666. incorporated herein). It has also been suggested that biotinylated dtdeoxynucleotides could be 
used to provide signal generation, but these modified terminators were predicted to share the same limitations as their 
fluorescenat«J counterparts, i.e. difficulty in incorporation by most commonly used polymerases (S. Beck 1990 Meth- 
ods in Enzymology 184 : 61 1 . also incorporated herein). Some compensation for this inefficiency of incorporation can 

25 be achieved by increasing the amounts of polymerase in the reaction and/or by increasing the amount of template DNA 
being copied. These compensatory steps suffer the linTitation of increased costs associated with higher amounts of an 
expensive enzyme, DNA polymerase, or with preparation of adequate amounts of high quality template. 

SUMMARY OF THE INVENTION 

30 

[0013] This invention provides for novel processes that are useful and applicable in nucleic acid anplification, nucleic 
acid sequencing and the production of unique nucleic acids having important properties, such as decreased thermody- 
namic stability. 

[0014] The present invention provides a process for linearly amplifying a specific nucleic acid sequence. Initially, there 
35 are provided the specific nudeic acid sequence of interest that is sought to be amplified, an initial primer or a nucleic 
acid construct comprising two segments. The first segment (A) is unique. t>eing characterized as (i) substantially oom- 
plementary to a first portion of the specific nucleic acid sequence and (ii) capak>le of template-dependent first extension. 
The second segment (B) is uniquely characterized in the following four respects. First, it is (i) substantially non-identical 
to the first segment. Second, it is (ii) sut>stantially identical to a second portion of the specifk; nucleic add sequence. 
40 Third, the second segment (B) is (iii) capable of binding to a complementary sequence of the second segment. Fourth, 
the second segment (B) is (iv) capable of providing for subsequent binding of a first segment of a second primer or 
nucleic acid construct to the first portion of the specific nucleic acid sequence under isostatic or limited cycling condi- 
tions. In this way, a second primer extension is produced and displaces a first primer extension. Also provided in this 
process are substrates, buffer and a template-dependent polymerizing enzyme. In candying out this amplification proc- 
45 ess. the specific nucleic acid sequence and the novel primer or nucleic acid construct are incubated in the presence of 
the substrates, buffer and template-dependent polymerizing enzyme under isostatic or limited cycling conditions; 
thereby linearly amplifying said specific nucleic acid sequence. 

[0015] The present invention also provides a process for non-linearly amplifying a specific nucleic acid sequence. In 
this process, there are provided the specific nucleic add sequence of interest sought to be amplified, a first initial primer 

50 or a nudeic acid construct for the specific nudeic acid sequence of interest, a subsequent initial primer or a nucleic acid 
construct to the complement of the specific nucleic acid sequence of interest, and substrates, buffer and a template- 
dependent polymerizing enzyme. The first initial primer or nucleic acid construct oomprises two segments. The first 
segment (A) is unique, characterized as being (i) substantially complementary to a first portion of the specific nucleic 
acid sequence and (ii) capable of template-dependent first extension. The second segment is also unique, being char- 

55 acterized with four features. First, it is (i) substantially non-identical to the first segment. Second, It is (ii) substantially 
identical to a second portion of the specific nucleic add sequence. Third, the second segment is (iii) capable of binding 
to a oomplennentary sequence of the second segment Fourth, the second segment is (iv) capable of providing for sub- 
sequent binding of a first segment of a second primer or nudeic acid construct to the first portion of the specific nucleic 
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acid sequence under isostatic or limited cycling oorKfttions. In this way, a second primer extension Is produced to dis- 
place a first primer extension. The subsequent initial primer or a nucleic acid construct to the complement of said spe- 
cific nucleic acid sequence also comprises two segments: The first segment (A) is characterized as (i) being 
substantially complementary to a first F)ortion of the specific nucleic acid sequence and (ii) capak^le of template-depend- 
5 ent first extension. The second segment (B) is uniquely characterized with four features. First, the second segment (B) 

(i) substantially non-identical to the first segment. Second, it is (ii) substantially tdenttcal to a second portion of the spe- 
cific nucleic acid sequence. Third, the second segment (B) is (iii) capable of binding to a complementary sequence of 
the second segment. Fourth, it is (iv) capable of providing for subsequent binding of a first segment of a subsequent 
primer to the first portion of the specific nucleic acid sequence under isostatic or limited cycling conditions. Under such 

10 conditions and in this way a second primer extension is produced which displaces a first primer extension. To can^y out 
this process, the specific nucleic add sequence and the novel primer or nucleic acid construct are incubated in the pres- 
ence of the substrates, buffer and template-dependent polymerizing enzyme under isostatic or limited cycling condi- 
tions; thereby non-linearly amplifying the specific nucleic add sequence of interest. 

[0016] Also provided by this invention is a process for non-tinearly amplifying a specif ic nucleic acid sequence. In this 

IS non-linear amplification process, there are provided the specific nucleic add sequence of interest sought to be amplified 
and its complement. Also provided is a first initial primer or a nudeic acid construct for the specific nucleic acid 
sequence, this first initial primer or nudeic acid construct comprising two segments. The first segment (A) has two use- 
ful and novel features. First, it is (i) substantially complementary to a first portion of the specific nucleic acid sequence. 
Second, the first segment is (ii) capable of template-dependent first extension. The second segment (B) has four useful 

20 and novel features. First, it is (i) substantially non-identical to the first segment. Second, the second segment (B) is (ii) 
substantially identical to a second portion of the specific nudeic add sequence. Third, it is (iii) capable of binding to a 
complementary sequence of the second segment Fourth, the second segment (B) is (iv) capable of providing for sub- 
sequent binding of a first segment of a subsequent first primer to the first portion of the specific nucleic add sequence 
under isostatic or limited cycling conditions. Under such conditions and in this way, a second primer extension is pro- 

25 duced which displaces the first primer extension. Also provided in this process is a second initial primer or a nucleic acid 
construct complementary to the first primer extension. The second initial primer or nucleic acid construct typically com- 
prises a single segment characterized by its being capable of template-dependent extension under isostatic or Hmited 
cycling conditions. Appropriate substrates, buffer and a template-dependent polymerizing enzyme are also provided. 
To carry out this process of the present invention the specific nudeic acid sequence and the novel primer or nudeic acid 

30 construct are incutiated in the presence of the appropriate substrates, buffer and template-deperKlent polymerizing 
enzyme under isostatic or limited cycling conditions. Under such incubation carried out under those conditions, the spe- 
cific nudeic acid sequence of interest is amplified non-linearly. 

(001 7J This invention further provides a process for non-linearly amplifying a specific nucleic acid sequence of interest 
sought to be amplified. In this novel process, there are provided the specific nudeic acid sequence of interest, a singular 
35 primer or a singular nudeic acid construct capable of non-linear amplification and comprising three segments. There is 
a first segment (a) that is (i) substantially complementary to a first portion of the specific nudeic acid sequence and is 

(ii) capable of template-dependent first extension. A second segment (b) is substantially identical to a second portion 
of the specific nucleic acid sequence. The third segment (c) is substantially identical to tiie first segment. The first 
primer extension is capable of produdng sequences that are capable of hybridizing to said second segment and is also 

40 capak^e of self-priming and seK-exlending to produce a complement to the third segment. Also provided arae appropri- 
ate substrates, buffer and a template-dependent polymerizing enzyme. In carrying out this amplifying process, the spe- 
cific nucleic acid sequence and the primer or nucleic acid construct are incubated together in the presence of the 
appropriate substrates, buffer and template-dependent polymerizing enzyme. The specific nucleic add sequence of 
interest is non-linearly amplified thereby 

45 [001 8] Also provided by tiie invention at hand is a post-termination labeling process for nucleic add sequencing. Here, 
the process comprises the first step of producing, in tiie presence of untagged or unlabeled substi-ates. untagged or 
unlabeled primer, polymerizing enzyme, buffer and an appropriate untagged or unlabeled terminator for each nude- 
otide base, nucleic acid fragments corresponding to tiie nudeic acid sequence of interest whose sequence is sought In 
this process, each of the terminators comprise a chemically reactive group that covalentiy binds to a tagged molecule 

50 under conditions such that the internal sequences are substantially non-reactive to the tagged molecules and the 
chemical reactions do not substantially interfere with the separation of the fragments in a medium or mati-ix. After the 
production of fragments, the latter are separated in a medium or matrix, fdlowed by detection of the separated frag- 
ments achieved by the detection of the tagged molecule in the medium or matrix. 

[001 9] Another process provided by the present invention is a process for producing nucleic acid sequences that have 
55 decreased thermodynamic stability to complementary sequences. In this process, at least one modified nucleotide or 
nudeotide analog having a negatively charged chemical moiety is incorporated into nucleic add sequences which are 
produced. 

[0020] In addition to ottier aspects of this invention, there Is provided a singlestranded or double-stranded nudeic acid 
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polymer selected from the group consisting of a linear nucleic acid, branched nudeic acid, an inverted nucleic acid and 
a peptide-nudeic add, or a combination of any of the foregoing. This nucleic acid polymer comprises at least one purine 
or pyrlmtdine base cornprising one negatively charged chemical moiety in one or both strands of the polymer. 
[0021 ] All of these processes and polymers are described in greater detail below. 

5 

BRIEF DESCRIPTION OF THE RGURES 
[0022] 

10 FIGURE 1 depicts linear amplification by a novel primer. 

FIGURE 2 depicts non-linear amplification by a novel primer and a standard primer. 
FIGURE 3 illustrates non-linear amplification by a pair of novel primers. 

FIGURE 4 shows non-linear amplification by a pair of novel primers that contain modifications that prevent part of 
their sequences from being used as templates. 
IS FIGURE 5 depicts a series of reactions that can be carried out by a nucleic add construct with two 3* ends where 
part of the construct is capal)le of hairpin formation after template dependent extension. 
FIGURE 6 is a continuation of the process and events shown in FIGURE 5. 

FIGURE 7 depicts a series of reactions that can be carried out by a nucleic add construct with two 3' ends where 
each of the 3' ends is capable of hairpin formation after template dependent extension. 
20 FIGURE 8 is a continuation of the process and events shown in FIGURE 7. 

FIGURE 9 illustrates template dependent extension and self priming/self extension of a single primer capable of 
non-linear amplification. 

FIGURE 10 shows continuation of the process and events of FIGURE 9. Potential intramolecular annealing and 
intermolecular annealing allows the continuous addition of sequences. 
25 FIGURE 1 1 are further illustrations of the modification of the processes and events in FIGURE 1 0 wherein the initial 
primer contains a modification that does not allow a portion of the primer to be used as a template. 
FIGURE 12 are illustrations of a novel nucleic acid construct with two 3* ends that is capable of non-linear arrptifi- 
cation. 

FIGURE 1 3 depict illustrations of another design for a novel nucleic acid construct with two 3' ends that is capak>le 
30 of non-linear amplification. 

FIGURE 14 is a continuation of the processes and events shown in FIGURE 13. 

FIGURE 1 5 depict illustrations of another design for a novel nucleic acid construct with two 3* ends that is capable 
of non-linear amplification. 

FIGURE 16 is a continuation of the processes and events shown in FIGURE 15. 
35 FIGURE 1 7 shows gel assays of isothermal amplifications of a target created by PGR. 

FIGURE 18 are results of a gel assay and a plate assay for isothermal amplification of HPV pl asmid DNA. 

FIGURE 1 9 shows the results of a gel assay for PGR reactions with carboxy dUTP and normal dlTP under various 

reaction conditions defined therein. 

FIGURE 20 summarizes the results of FIGURE 19. 
40 FIGURE 21 shows the effects of various levels of MgCl2 on PGR synthesis in the presence of cart)Oxy dUTP 

FIGURE 22 are the results of a gel assay for the ability of various polymerases to carry out PGR synthesis in the 

presence of cartxjxy dUTP. 

FIGURE 23 shows the effects of various levels of MgG^ on PGR synthesis in the presence of cartx)xy dUTP with 
various enzymes. 

45 FIGURE 24 shows the effects of various levels of MgGl2 on PGR synthesis in the presence of cartx)xy dUTP and 
PGR Enhancer with various enzymes. 

FIGURE 25 shows the effects of various additives on PGR synthesis in the presence of cartxsxy dUTR 

FIGURE 26 shows the sequences for the template and primers used for PGR synthesis in the presence of cart)oxy 

dUTR 

so FIGURE 27 are the results of a gel assay for various combinations of primers for PGR synthesis in the presence of 
cartx}xy dUTR 

FIGURE 28 are the results of a gel assay for various conlbinations of primers for PGR synthesis in the presence of 
carboxy dUTP at different temperatures shown therein. 

FIGURE 29 are the results of gel assays for various conditions used for post-synthetic attachment of a fluorescent 
55 marker. 

FIGURE 30 is a negative image of the results of FIGURE 29. 

[0023] The definitions below are useful to an understanding of the present invention and this disdosure. 
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Definitions 

[0024] Isostatic conditions refer to substantially constant temperature and/of chemical conditions. 
[0025] Limited cyde conditions refer to a series of temperatures where the highest temperature used is below the 
5 temperature required for separation of an extended primer from its tenrplate. 

[0026] Full cycle conditions refer to a series of temperatures where at least one temperature is used that is sufficient 
for separation of an extended primer from its template. 

[0027] Linear amplification is canried out when two or more copies of only one strand of nucleic add are produced. 
[0028] Norvlinear amplification is canried out when two or more copies of a nudeic acid sequence are produced from 
10 each strand of a nudeic acid and its complement. 

[0029] An initial primer is a primer or primer construct tiiat has not been extended. 

[0030] A standard primer is a primer that is not sut>stantially involved in secondary structure formation with sequences 
synthesized after extension. 

[0031 ] Extended sequences are sequences synthesized in a template dependent manner which are substantially nei- 
IS ther identical or complementary to any sequences in primers or primer constructs. 

[0032] A segment of a nucleic acid is substantially identical to anotiier segment when the complement of the said 
other segment Is capable of acting as a template for extension of the said first segment. 

DETAILED DESCRIPTION OF THE INVENTION 

20 

[0033] The present invention provides compositions and methods of use for novel primers and nucleic acid constructs 
that a) contain at least one segment that has self-complementary sequences or is capable of forming a secondary 
structure after template-dependent extension and b) are capable of produdng two or more copies of a specific nucleic 
acid sequence under appropriate conditions in the presence of an appropriate specific template under appropriate con- 
25 ditions. 

[0034] All methods of target amplification tiiat use primer binding and extension reactions for synthesis of a specific 
nudeic add sequence have tiie necessity to regenerate a binding site or sites or to synthesize a new primer binding site 
or sites if two or more copies of tiiis sequence are desired, in all methods of art tiiat have been previously described, 
outside modulating factors have been used to regenerate or create primer binding sites. These factors have induded 
30 thermal denaturation as exemplified by PGR. endonucleases as exemplHied by 3SR. and restriction enzymes and mod- 
ified nucleotides as exemplified by SDA. 

[0035] In certain aspects of the present invention, novel primers and nudeic acid consti-ucts are disdosed that have 
as an inherent characteristic that at least one segment of a novel primer or nucleic acid construct is capable of second- 
ary structure formation under appropriate conditions. In the present invention, the formation of a secondary structure 

35 can provide for regeneration of binding sites such ttiat they can be used for multiple binding and extension of novel prim- 
ers or nudeic acid constructs without the necessity for any of ttie outside modulating factors described alDOve. 
[0036] In previous art there has been a necessity for tfie presence of a primer binding site in each conrplementary 
sti-and of a target nucleic acid in order to achieve non-linear amplification. In certain aspects of tiie present invention, 
the formation of secondary structures overcomes this limitation such that a single primer can be used that is comple- 

40 mentary to only one nudeic acid strand and not tiie other, but yet is still capable of carrying out non-linear amplification 
of a desirable nucleic acid sequences. 

[0037] The novel primer and nucleic acid constructs of tiie present invention are capable of use in linear and non- 
linear amplification systems tiiat require only a single primer or more than one primer under isostatic. limited cycle or 
full cyde conditions. The capability for formation of secondary structures is due to the presence of self-complementary 

45 sequences in a novel primer or nucleic add consfc-uct or it may be derived from the template dependent incorporation 
of sequences that are complementary to a segment of the novel primer or nudeic add consfruct. It may also be derived 
from both pre-existing and post-synthesis sequences. The novel primer and nudeic add constructs of the present 
invention can be linear molecules witti a single polarity, constixicts with more than one polarity or branched nucleic 
acids. Methods of synthesis and examples of use of such constructs have previously been disclosed in (U.S. patent 

so application serial no. 08/749.266; U.S. patent no. 5,462.854. botii documents incorporated herein). In certain aspects 
of the present invention, tiie novel primer and nudeic add constructs comprise at least two segments: a first segment 
that is capable of binding to a template and using it for extension and a second segment tiiat is substantially identical 
to sequences of tiie target of interest such tiiat extension of the first segment allows formation of a secondary structure 
formed by self hybridization of the second segment with ttie extended sequences. In certain aspects of the present 

55 invention, the novel primer and nucleic add constructs comprise at least three segments: tiie first and second segments 
being defined as above and a tiiird segment which is capable of acting as an intrastrand or intraconstruct template for 
self -extension. 

[0038] Segments can be joined together either oovalentiy or non-covalentiy. Means of Joining segments through cov- 
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alent linkages can include but are not limited to the phosphate backlx)ne of normal linear nucleic acids, constructs that 
tiave more than one polarity and branched DNA constructs. Methods for synthesizing these constructs have been 
described in U.S. Patent Application Serial No. 08/749.266. filed on 11/15/96. contents of which are incorporated 
herein. Means of joining segments by non-covalent linkages can include but are not limited to ligand-receptor bonds 
5 and complementary base pairing. The segments may be adjacent to each other or they may be spatially separate from 
each other. The sequences of the segments may be distinct from each other or they may be sut>stantially or partially 
complemerttary or identical to each other. 

[0039] The formation of useful secondary structures can be augmented by additional elements in the design of the 
novel primers and nucleic acid constructs of the present invention. For instance, secondary structures can be intro- 

10 duced into the sequences of the novel primers of the present invention that can allow extension-dependent secondary 
structures to form more easily. Supplementary elements can also be included in the reaction mixture to favor the forma- 
tion of appropriate secondary structures. These elements can include but are not limited to proteins such as single- 
stranded binding protein, the T4 gene 32 protein, Rec A protein and various heticases. These elements can also include 
but are not limited to chemical reagents such as Formamide or DMSO. These elements can also include but are not 

IS limited to nrKxIif ied nucleotides that either raise or lower the Tm o1 a nucleic acid sequence. The modified nucleotides 
can pre-exist in the novel primers and nucleic acids constructs, they can be incorporated during the extension reactions 
or they can be kx)th. 

[0040] The various novel primers and novel nucleic acid constructs of the present invention overcome many of the 
limitations of previous systems. In contrast to methods that have been previously described in the art that deperxJ upon 

20 the use of a thermocycler, certain aspects of the present invention have no necessity for a strand separation event prior 
to a new priming event. /Additionally, the present invention has no requirements for multiple enzyme anrangemenls. ribo- 
nucleotides or the presence of a promoter sequence as are intrinsic to isothermal systems that are dependent on the 
generation of an RNA intermediate such as 3SR. NASBA and TMA. Nor is there a requirement for esoteric modified 
reagents and a supplementary restriction enzyme as has been desaibed for tiie isothernnal SDA system. 

25 [0041] Also included in the present invention are novel methods and compositions tiiat can be used for labeling of 
nudetc acids. These can be used in conjunction with various aspects of the present invention or may be used in con- 
junction with methods described in previous art. 

[0042] This invention provides for a process to amplify linearly a specific nucleic acid sequence of interest that one 
seeks to amplify. Such a process includes the step of providing the following components and reagents: the specific 

30 nudeic acid sequence of interest, an initial primer or a nucleic acid construct comprising two segments, and appropriate 
substrates, buffer and a template-dependent polymerizing enzyme. The two segments of the initial primer or nucleic 
acid construct indude (A) a first segment having two defined characteristics. First, it is (i) substantially complementary 
to a first portion of tiie specific nucleic add sequence and second, it is (ii) capable of template-dependent first exten- 
sion. The second segment (B) has four defined characteristics. First, the second segment (B) is (i) substantially non- 

35 identical to the first segment. Next, it is (il) substantially identical to a second portion of the specific nucleic acid 
sequence. Third, the second segment (B) is (iil) capable of binding to a complementary sequence of the second seg- 
ment. Fourth, tiiis secorxJ segment is (iv) capable of providing for subsequent binding of a first segment of a second 
primer or nucleic acid construct to the first portion of the specific nucleic acid sequence under isostatic or limited cycling 
conditions. In so doing, a second primer extension is produced and that displaces a first primer extension. Another 

40 Important step of this linear amplification process is that of incubating the specific nucleic add sequence and the novel 
primer or nucleic acid construct in the presence of the appropriate substrates, buffer and template-dependent polymer- 
izing enzyme under isostatic or limited cyding conditions: thereby linearly amplifying tiie specific nucleic acid sequence 
of interest that one seeks to amplify. 

[0043] In other aspects of the just<jlescribed process, the initial primer or nucleic add construct and the second primer 
45 or nucleic acid construct can be the same, or they can be different. Furttiermore, at least one modified nucleotide or 
nudeotide analog can be usefully incorporated into various components or elements of the process, including the first 
segment the second segment, or the primer extension product or any of the foregoing elements for tiiat matter. Such 
a modified nudeotide or nudeotide analog can be usdully incorporated into the second segment defined above. When 
usefully incorporated into the second segment, such a modified nucleotide or nudeotide analog increases the thermo- 
50 dynamic stability of the first segment to its complement in the primer extension. The modified nucleotide or nucleotide 
analog can comprise an intercalating agent, for example. 

[0044] Those skilled in the art will appreciate tiiat the first segment or the primer extension product, fcxslh of these ele- 
ments, can comprise at least one modified nucleotide or nucleotide analog. In such instances, the modified nudeotide 
or nucleotide analog decreases tiie thermodynamic stat>itity of the first segment or the primer extension product to its 
55 complement. Such thermodynamic stability decreasing modified nucleotides or nudeotide analogs comprise, for exam- 
pie, a negatively charged chemical group, such as a cait>oxylic acid. 

[0045] Witii respect to tiie nudeic add form, the initial primer or nudeic add construct or tiie second primer or nucleic 
BsM construct (or both primers arxJ nudeic add constructs), can comprise a number of nudeic adds. These include tnit 



8 



BNSDOCID: <EP ^0971039A2J_> 



EP0 971039A2 



are not limited to linear nucleic acid, branched nucleic acid, an inverted mjcleic acid and a peptide-nudeic acid, or a 
combination of any of the preceding. Further description of linear cunplification follows immediately below. 

Linear Ampliflcatton with One Stem-ioop Fbrming Primer 

5 

[0046] In one aspect of the present invention, linear amplification of a specific nucleic add sequence is carried out 
under isostatic or limited cycle conditions by the use of a single novel primer or a single novel nudeic acid construct that 
has at least two segments. The novel nucleic acid constructs of the present invention can have more than one polarity 
or they can be t}ranched DNA. Methods for synthesizing these constructs have been descrit>ed in U.S. Patent Applica- 

10 tion Serial No. 08/749.266. cited supra and incorporated herein. The first segment of a novel primer or nudeic acid con- 
struct comprises sequences that are substantially complementary to sec^ences that are present in a target nudeic acid 
sequence. The secorxi segment of a novel primer or nucleic add construct comprises sequences that are suk}stantially 
identical to sequences that are present in the target nucleic add. A novel nucleic acid construct can have one or more 
copies of the first and second segments. Template dependent extension of the novel primer or nucleic add construct 

IS can create a product that has a stem-ioop structure formed by setf-hyt^ridization as well as extended sequences that 
are not identical to or complementary to sequences that comprise the novel primer or nudeic acid construct 
[0047] This product can be formed by a continuous series of the following steps that are illustrated in Rgure 1 . Tem- 
plate dependent extension of a novel primer or nucleic add construct produces in the extended portion sequences that 
are complementary to sequences that conprise the second segment of the said novel primer or nucleic add construct. 

20 These self-complementary regions can remain bound to the template or can form self-complementary structures. The 
formation of a secondary structure can provide for removal of all or part of the first segment of the extended novel primer 
from the template. This would allow another initial primer to bind to template sequences prior to removal of the first 
extended novel primer from the template. Extension of the second primer on the template can lead to displacement of 
the first extended primer from the template. This is in contrast to previous art where separation of an extended primer 

25 always takes place prior to use of the template for another binding and extension reaction. By these means, a single 
template can provide for two or more initiation events under isostatic conditions. In addition, this method can be used 
under limited cycling conditions where all tenrperatures are below tiiose of the Tm of an extended product and its tem- 
plate. In a continuing process, formation of a secondary structure in the second extended novel primer can provide for 
binding and subsequent extension of a third novel primer. In this way. in the absence of denaturing conditions, the novel 

30 process of the present invention can provide for multiple priming, extension and release events from a single strand of 
a nucleic acid tenplate. Furthermore, all of these steps can take place simultaneously and continuously under isostatic 
conditions. 

[0048] A novel nucleic acid construct with multiple identical first and second segments could also be used to carry out 
linear amplification by the same processes that have been depicted in Figure 1. This novel consti'uct could potentially 
3S enjoy an increase in eff kslency compcu-ed to a linear construct with single polarity. The binding and extension of one of 
the first segments of a construct molecule results in a locafized high concentration of other first segments of the con- 
struct that can Isind to the regenerated primer binding site. After multiple priming and extension reactions, a construct 
can be created that comprises multiple copies of a single strand of target DNA. 

[0049] The ability of extended novel primer and nucleic add constructs to form self complementary structures can be 

40 realized under appropriate conditions. Previous art has indicated that the association and dissodation of short comple- 
mentary oligonucleotides occurs as an equilibrium reaction whose characteristics are determined by the temperature, 
salt conditions, base content and length of the complementary sequences. The influence of these factors has been 
reviewed by J.G. Wechsler ([1991] Crit. Rev. Biochem. Mol. Biol. 26; 227-259. incorporated herein). Although larger 
strands of complementary DNA exist as double-sti-anded molecules in stable configurations that do not readily dissod- 

45 ate over a wkie range of conditions, it is well known tiiat they do form temporary and localized relaxations of interstrand 
bonding. The term ''breathing" has been used to describe tiiis localized disruption of hydrogen bonding. A pathway for 
iDreathing" to create two-dimensional structures in double-stranded DNA molecules that contain palindromic 
sequences has been described by A. Kornberg and T. A. Baker in "DNA Replication. 2^ Edition" (1992) W. H. Freeman 
and Co. NY. NY, the contents of which are incorporated herein by reference. 

so [0050] In the present invention, as described above, the transition of a segment of a linear double-stranded molecule 
to an intra-strand stem-loop structure can allow primer initiation events to take place prior to separation of an extended 
primer from its template. The equilibrium between these two structures is dependent upon a number of factors. First, 
for successful primer binding, the segment of the initial primer tiiat binds to the target must be of appropriate length and 
base conposition so as to allow staksle priming at the temperature being used for the reaction. Second, the segment of 

55 the primer that participates in self-hybridization after an extension of tiie initial primer must be of appropriate length and 
t>ase composition such that a partial dissociation of the extended primer from the template can allow the formation of a 
sufficientiy stable secondary structure. I.e., the stem of a stem-loop structure. 

[0051] Temperatures appropriate for these reactions are below those that would be required for separation of an 
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extended primer from rts template. In an isostatic reaction, a single temperature can be used for binding, extension and 
secondary structure formation. Or if so desired, limited cyding conditions can be used where different temperatures are 
used to optimize these events. The use of different temperatures for limited cycling may be useful for primer binding, 
primer extension or a localized separation of some of an extended product from its template. The temperatures being 

5 used for any and all of these steps should also be appropriate for the particular polymerase being used in the reactions. 
[0052] Intra-molecular complementary regions in an extended primer have been utilized previously by Rose et al, 
(United States Patent Nos. 5.595,891. 5.612.199, both incorporated herein) to provide identical binding sites on each 
strand of a target nucleic acid in order to allow the use of a single primer for PGR amplification. However, all examples 
and teachings provided by Rose et al. require heating steps to separate an exterxied primer from its template prior to 

10 use of the template for the next primer binding and extension events, i.e. multiple cycles of complete denaturation in a 
thermocycler. Studies with single-stranded RNA have shown that as the size of the loop increases there is a diminished 
chance for intra-strand stem formation (R. L P. Adams et al.. in The Biochemistry of the Nucleic Acids" [1992] Chapman 
& Hall, London, U.K., incorporated herein). Yet. the methods provided by Rose et al. for PGR amplification with erther 
natural or artificially irrtroduced inverted repeat sequences as primer sites utilize a preferred separation of 100-2.000 

75 nucleotides and more preferably of 500-10.000 bases between complementary sequences that form the stem of a 
stem-loop structure. Such a direction teaches away from the methods and compositions disclosed in the present inven- 
tion where complementary sequences are sufficiently proximate to each other that formation of a stem-loop structure 
could facilitate the removal or partial removal of the first segment of an extended primer from its template to regenerate 
a binding site without the necessity of imposition of conditions that would provide for the complete separation of an 

20 extended primer from its template. In addition, the teachings provided by Rose et al. preclude the use of selfcomple- 
mentarity in tiie primer as a means of allowing amplification under isothermal or limited cyde conditions since their 
operating range would make secondary structure formation energetically unfavorable under isothermal or limited cycle 
conditions. The gain in energy created by formation of a stable stem structure is compromised and outweighed by the 
energy cost of displacing a long strand from its complement to form the loop portion of a stem-loop structure. Thus full 

25 cyde cofKlitions are required to regenerate a primer binding site. The consequences of the teachings and processes of 
Rose et al. lead to products in which the extended sequences are always in the loop of a stem-loop structure whereas 
in this aspect of the present invention, the product of the novel primers and processes have the extended sequences 
essentially outside of potential stemloop structures. 

[0053] The aspect of the invention that has been described above finds particular utility in the preparation of labeled 
30 single-stranded DNA probes and for determining the sequences of nucleic adds. Prior to the disdosure of the present 
invention, the most commonly used methods for obtaining single-stranded DNA probes have been dependent upon 
multiple strand denaturation events provided by a thermocyder, or by the use of RNA polymerase with templates that 
contain an RNA promoter. Processes that depend upon multiple strand denaturation events suffer from a limitation of 
loss of a certain amount of reagents and enzyme activity at the high temperatures required for denaturation of tem- 
35 plates. Even tiiermostable polymerases are not completely immune to the effects of denaturation condition tempera- 
tures and have various haff-lives at these temperatures. Also the use of such conditions precludes the use of some 
enzymes that are completely inactivated by such tenrperatures. These processes also have the limitations of the need 
of a thermocycler. Processes that are dependent upon production of RNA suffer from the limitations associated with a 
need for introducing an RNA pronrKster into association witti the sequences desired for a probe and from limitations that 
40 are intrinsic to a product tiiat is more labile than DNA. The methods disclosed for the use of isostatic or limited cycle 
conditions in the present invention can be used with or without a thermocycler. They allow the use of a wider array of 
enzymes, reagents are not subjected to extreme destabilizing conditions and stable reusable DNA probes are the final 
product. 

[0054] This aspect of the present invention can also be used in sequencing by allowing a template to be used a muil- 
45 tiple number of times under isostatic or limited cycle conditions. Previous art has only been able to acconplish this by 
the use of multiple strand denaturation events in a thermocycler. The limitations cited previously for multiple strand 
denaturation events are also applicable to this use. In addition, there is an additional limitation that tiie high tempera- 
tures required for denaturation can contribute to heat-induced depurination or deamination events that can create 
sequence ambiguities. Application of the methods of the present invention for multiple rounds of sequendng from a 
50 template offers the advantages of independence from the necessity of a thermocycler. utility of a wider array of 
enzymes and moderation of tiiermal effects upon the integrity of templates and reagents. 

[0055] The present inventbn also provides a process for non-linearly amplifying a specific nucleic acid sequence. 
Non-linear amplification comprises a first step of providing the following components or reagents: the specific nudeic 
acid sequence of interest sought to be amplified, a first initial primer or a nucleic acid construct tor the specific nudeic 
55 acid sequence, a subsequent initial primer or a nudeic acid construct to the complement of said specific nudeic acid 
sequence, and appropriate substrates, t)uffer and a template-dependent polymerizing enzyme. The just-described first 
initial primer or nucleic add construct comprises two segments. First, there is a first segment (A) that has two defined 
characteristics. It is (I) substantially complementary to a first portion of said specific nudeic add sequence and it is (11) 
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capable of template-dependent first extension. The second segment of the first initial primer has four defined charac- 
teristics. First, ft is (i) substantially non-identical to the first segment (A). Second, it is (ii) substantially identical to a sec- 
ond portion of the specific nucleic acid sequence. A third characteristic of the second segment is its capability (iii) for 
binding to a complementary sequence of the second segment. A fourth characteristic of the second segment is its (iv) 
5 capability for providing for subsequent binding of a first segment of a second primer or nucleic add construct to the first 
portion of the specific nudeic add sequence under isostatic or limited cyding conditions. Under such conditions, a sec- 
ond primer extension is produced to displace a first primer extension. 

[0056] With respect to the subsequent initial primer or nudeic acid construct, this element comprises two segments, 
a first segment (A) and a second segment (B). The first segment (A) is (i) substantially complementary to a first portion 

10 of the specific nucleic acid sequence and it is (ii) capable of template-dependent first extension. Four characteristics 
define the second segment (B). Rrst. the second segment (B) is (i) substantially non-identical to the first segment. Sec- 
ond, it is Oi) sut)stantially identical to a second portion of the specific nucleic add sequence. Third, the second segment 
(B) is (iii) capable of binding to a complementary sequence of the second segment. The fourth characteristic of the sec- 
ond segment (B) is (iv) its capability for providing sut^sequent binding of a first segment of a subsequent primer to the 

IS first portion of the specific nucleic acid sequence under isostatic or limited cycling conditions. Under such conditions, a 
second primer extension is produced and that displaces a first primer extension. The second step of this process 
includes incubating the specific nudeic add sequence and the novel primer or nucleic acid construct in the presence of 
the appropriate substrates, buffer and template-dependent polymerizing enzyme under isostatic or limited cycling con- 
ditions. The specific nucleic acid sequence of interest is thereby amplified non-iinearly tfiereby 

20 [0057] In the just-described non-linear amplification process, the first initial primer or nucleic add construct and the 
second initial primer or nudeic acid construct can be tiie same, or they can be different Modified nucleotides or nude- 
otide analogs can be usefully incorporated as additional elements. For example, these can be incorporated into the first 
segment or the second segment of the first initial primer or nudeic acid construct, or into the first segment or the second 
segment of the second initial primer or nucleic add construct. Or, modified nucleotides or nudeotide analogs can be 

25 incorporated into any primer extension products. For that matter, modified nudeotides or nudeotide analogs can be 
incorporated into or used to modify any of the preceding elements. 

[0058] In further embodiments of this non-linear amplification process just-described above, the second segment of 
the first initial primer or the second initial primer can comprise a modified nucleotide or nucleotide analog which serves 
to increase the thermodynamic stability of tiie first segment to its complement in the primer extension product. Such 

30 modified nudeotides or nucleotide analogs comprise or take the form of. for example, an intercalating agent. 

[0059] In other aspects of the process at hand, the first segment of tiie first initial primer or the first segment of the 
second initial primer (or both), or even the primer extensbn product (or any combination of the preceding elements, for 
that matter) can comprise a modified nudeotide or nucleotide analog. Here, the modified nucleotide or nucleotide ana- 
log serves to decrease tiie tiiermodynamic stability of the first segment or the primer extension or both, to their cone- 

35 sponding complement Such stability decreasing modified nudeotides or nudeotide analogs can comprise negatively 
charged chemical groups, such as cartxsxylic add. 

[0060] Another aspect of the just-describe non-linear amplification process is the type or form of nucleic add. Here, 
the first initial primer or nucleic acid construct, or the second initial primer or nucleic acid construct, or both, comprises 
any number or form of nucleic acids. Such members indude but are not limited to linear nucleic acid, branched nucleic 

40 acid, an inverted nucleic acid and a peptide-nudeic acid, or combinations of any of the foregoing. 

[0061] Another significant non-linear amplification process is provided by the present invention. This process ampli- 
fies non-linearty a specific nucleic sequence and comprise a first step of providing the following components and rea- 
gents: the specific nudeic add sequence and its complement: a first initial primer or a nucleic add construct for tiie 
specific nucleic acid sequence, a second initial primer or a nucleic add construct complementary to said first primer 

45 extension, and appropriate substrates, buffer and a template-dependent polymerizing enzyme. The first initial primer or 
nudeic acid construct comprises two segments: a first segment (A) and a second segment (B). With respect to the 
former, two characteristics define it. First, it is (i) substantially complementary to a first portion of tiie specific nucleic 
acid sequence and second, it is (ii) capat>le of template-dependent first extension. With respect to the second segment 
(B), four characteristics define this element First, it is (i) substantially non-identical to the first segment Second, it is (ii) 

so substantially identical to a second portion of tiie specific nucleic acid sequence. The tiilrd characteristic of the second 
segment (B) is its (iii) capability for binding to a complementary sequence of tiie second segment. A fourth character- 
istic of the second segment (B) is Ov) its capability for providing subsequent binding of a first segment of a subsequent 
first primer to the first portion of the specific nucleic add sequence under isostatic or limited cyding conditions. Under 
such conditions, a second primer extension is produced and that displaces the first primer extension. The second initial 

55 primer or nucleic acid construct comprises a segment characterized by its capability for template<lependent extension 
under isostatic or limited cycling conditions. The important step of this process is, of course, that of incubating the spe- 
cific nucleic acid sequence and tiie novel primer or nucleic acid construct in the presence of the appropriate sut>strates, 
buffer and template-dependent polymerizing enzyme under Isostatic or limited cycling conditions. The specific nucleic 
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acid sequence of interest is amplified non-linearly thereby. 

[0062] Other aspects or features can be irKX)rporated into the last-described process for non-linear amplification. One 
important feature is the inclusion of modified nucleotides or nucleotide analogs. For example, at least one modified 
nucleotide or nucleotide analog can t^e incorporated or used to modify any of the following member elements in the 

5 process: the first segment or the second segment of the first initial primer or nucleic acid construct, the segment of the 
second initial primer or nucleic acid construct, the primer extension, or any of the foregoing or combinations of any of 
the foregoing. Equally significant is the inclusion of at least one modified nucleotide or nucleotide analog into the sec- 
ond segment of the first initial primer. The inclusion of such modified nucleotides or nucleotide analogs serves to 
increase the thermodynamic stability of the first segment to its complement in the primer extension. Modified nude- 

10 otides or nucleotide analogs are well known in the art, and include, for example, intercalating agents. 

[0063] Furthermore, the first segment of the first initial primer or the segment of the second initial primer (or both), or 
their primer extension (or for that matter, any combinations of the foregoing) can be modifed or incorporated with at 
least one modified nucleotide or nucleotide analog. Such modified nucleotides or nucleotide analogs serve to decrease 
the thermodynamic stability of the first segment or the primer extension (or both) to their respective complements. Mod- 

75 ified nucleotides or nucleotide analogs that sen/e to decrease stability can comprise a negatively charged chemical 
group, such as cartx)xylic acid. 

[0064] As in the case of other processes for non-linear amplification described in this application, the form or type of 
nucleic acid can vary. The first initial primer or nucleic acid construct, or the second initial primer or nucleic acid con- 
struct, or l30th, can comprise nucleic acid selected from any of the following: linear nucleic acid, branched nucleic add, 

20 inverted nucleic acid and peptide-nudeic acid (or combinations of any of the foregoing). 

[0065] The invention at hand also provides another process for the non-linear amplification of a specific nudeic acid 
sequence of interest sought to be amplified. This process comprises the first step of providing the following components 
and reagents: the specific nucleic acid sequence of interest; a singular primer or a singular nudeic acid construct capa- 
ble of non-linear amplification, and appropriate substrates, buffer and a template-dependent polymerizing enzyme. The 

25 singular primer or nucleic acid construct comprises three segments, (a), (b) and (c). The first segment (a) is (i) substan- 
tially complementary to a first portion of the specific nudeic acid sequence and (ii) is capat)le of tenplate-dependent 
first extension. The second segment (b) is sut)stantially identical to a second portion of the specific nudeic acid 
sequence. The third segment (c) is substantially identical to the first segment. The first primer extension is capable of 
producing sequences that are capable of hybridizing to the second segment and is also characterized by its capability 

30 for self-priming and self-extension to produce a complement to the third segment Following the first step of this proc- 
ess, the specific nucleic add sequence and the primer or nucleic acid construct are inciibated in the presence of the 
appropriate substrates, buffer and template-dependent polymerizing enzyme. After incubation; the specific nudeic acid 
sequence is amplified non-linearly thereby. 

[0066] Other emtxxliments for the last-described process for non-linear amplification are provided by the present 
35 invention. For example, the process can be carried out under conditions selected from isostatic conditions, limited 
cyding conditions and full cycling conditions. 

[0067] In addition, modified nucleotides or nucleotide analogs can be used in the modification of various elements of 
the process. For example, any or ail of the first segment, the second segment, the third segment, the first primer exten- 
sion, the second primer extension, can include or comprise at least one nxxjif ied nucleotide or nudeotide analog. Fur- 

40 thermore, modified nucleotides or nucleotide analogs can be Incorporated into any or all of the first segment, the 
second segment, the third segment, the first primer extension and the self priming extension. 
[0068] Those skilled in this art will also appreciate that the singular primer or nucleic add construct can comprise a 
number of nucleic acid forms, induding. for example, linear nucleic acid, branched nucleic acid, inverted nucleic acid 
and peptide-nudeic acid, or combinations of any of the foregoing. Skilled artisan will further appreciate that first primer 

45 extension can t>e canried out under various conditions, including for exanple, limited substrate conditions, limited exten- 
sion duration, or both. 

[0069] With respect to any of the processes described above for amplification of specific nucleic add sequences of 
interest, be it linear or non-linear amplfication, the specific nucleic acid sequence can be in single-stranded or double- 
stranded form. Moreover, the specific nucleic acid sequence can be found or is contained in a fragment. Such a frag- 
50 ment can be produced by a number of means, including physical means (sonication. heat or both), chemical means 
(add treatment), physico-chemical nr^ns and enzymatic means (nucleases. e.g.. endonucleases. and restriction 
enzymes). 

[0070] Non-linear amplification is further described below. 

55 Non-Linear Amplification with Stem-loop Fomning primers and Constructs 

[0071 ] Non-linear anrpfrficatton of a desired sequence can be candied out when binding sites on each strand are used 
by primers or nucleic add constructs. In another aspect of the present invention, nor^linea^ amplif toation can be carried 
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out under tsostatic or limited cycle conditions when at least one of the said primers or constructs is a novel primer or 
construct with a first and second segment. The novel nucleic acid constructs of the present invention can have more 
than one polarity or they could be branched DNA. Methods for synthesizing these constructs have been described in 
U.S. Patent Application Serial No. 08/749.266, dted supra and incorporated herein. The first and second segments are 
5 as defined previously. The first segment of a novel primer or nucleic acid construct comprises sequences that are sub- 
stantially complementary to sequences that are present in a target nudeic acid sequence. The second segment of a 
novel primer or nucleic add construct comprises sequences that are sut>stantially identical to sequences that are 
present in the target nudeic acid. 

[0072] When primers are used for non-linear amplification, the binding site on one strand is used by a novel primer 

10 with a first and second segment and the binding site on the other strand may be used by either a standard primer or 
another novel primer. A single novel primer may be used by itself when the binding sites in each strand are substantially 
similar to each other. When constructs are used for nonlinear amplification, the construct is a novel construct that com- 
prises one or more first segments that are complementary to one strand and one or more first segments that are com- 
plementary to the other strand of the target nudeic acid. The construct also comprises one or more second segments 

IS that are identical to one strand and can also comprise one or more second segments that are identical to sequences in 
the other strand. The first segments of the novel construct may be substantially identical to each other or they may be 
substantially dissimilar to each other. The second segments of the novel construct may be substantially identical to 
each other or they may be substantially dissimilar to each other. It is also understood that combinations of standard 
primers, novel primers, constructs and novel constructs may also be used together as long as at least one of them con- 

20 tains a first and second segment. 

[0073] As described previously, the binding and extension of a novel primer or nucleic add construct can allow the 
use of a template for multiple primer binding and extension events under isostatic or limited cyde conditions. As new 
binding and extension events occur, they allow the separation of the nucleic add strand that had previously been 
extended on that template. This results in the production of single-stranded nucleic acid strands that can be used as 

25 templates for binding of a second primer or nucleic ackl construct without a necessity for a denaturatton event since 
they are already in single-stranded form. When one primer is a standard primer and the other is a novel primer, the final 
product of template dependent bindings and extensions can be a double-stranded molecule that on one end comprises 
a stem-loop structure on each strand. When both primers are novel primers, the final product of template dependent 
bindings and extensions can be a double-stranded molecule that on each end comprises a stem-loop structure on each 

30 strand. When a construct comprises two first segments, each of which is complementary to one strand or the other and 
one second segment that is complementary to only one strand, the final product can be a single molecule that has com- 
plementary stem-loop structures. When a construct comprises two first segments, each of which is complementary to 
one strand or the other and two second segments, eadi of which is identical to one strand or the other, the final product 
can be a single molecule that has two pairs of complementary stem-loop structures. 

3S [0074] A non-linear anr^lif ication product can be synthesized by a novel primer and a standard primer by a continuous 
series of the following steps under isostatic or limited cyde conditions. The novel primer birxJs to a target strand and 
there is the same series of extension, secondary structure formation, regeneration of a primer binding site, second 
binding, second extension and separation of the first extended primer from the template as described previously for lin- 
ear amplification with a single novel primer. As extended novel primers are displaced by continuous binding and exten- 

40 sion of other novel primers, these single-stranded products can bind standard primers and allow them to be extended 
to create a full double-stranded amplicon. This potential series of events is depicted in Figure 2. The resulting double 
stranded structure contains in each strand self-complementary sequences that flank, in one strand, a sequence com- 
plementary to the primer binding site for the novel primer, and in the other strand a sequence identical to the primer 
binding site for the novel primer As a result of this, each strand is capable of forming a stem-loop structure at one end 

45 of the amplicon. The exposure of the primer binding site in the single-stranded loop structure can then generate a fur- 
ther series of primer binding and displacement reactions by the same process previously depicted in Figure 1 . thereby 
allowing generation of non-linear amplification of the sequences of interest under isostatic or limited cyde conditions. 
This product is different than that created by Rose et al. by non-linear amplification since their processes led to the 
extended sequences always being located between self-complementary regions whereas in this aspect of the present 

so invention, the extended sequences are outside of the stem-loop regions. In addition, the processes of this aspect of the 
present invention regenerate a binding site by secondary structure formation whereas in Rose et al., the binding site is 
in the stem region of a potential stenvloop structure and is never available for another binding event without denatura- 
tion of the amplification product. 

[0075] Primer sequences appropriate for can-ying out this aspect of the presoit invention are dependent upon the 
55 factors described previously for linear amplification. The segment of the primer that binds to the tsirget must be of appro- 
priate length and base composition in order to allow stable priming at the temperature being used 16r the reaction. The 
segment of the primer that participates in self-hybridization after an extension of the primer must be of appropriate 
length and base composition such that a partial dissociation of the extended primer from the template is suff Ident for 
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the creation of a stal^le secondary structure, i.e.. the stem of a stem-loop structure. This structure does not have to be 
permeinent but only sufficiently stable such that it can allow another priming event. In addition, this aspect of the inven- 
tion involves the creatbn of a complementary copy of the stem-loop sequences of the extended novel primer. This 
necessitates that the segment of the primer that participates in self-hybridization after an extension of the primer must 

5 t^e of appropriate length and base composition such that the sequences involved in secondary structure can still be 
used as templates. In addition to base composition and length, stability of primary and secondary structures can be 
influenced by the incorporation of modified bases into the primers, the extended sequences or both. These can either 
raise or lower the Tm of the segments where they are present. An exanrple of a nnodif ication of a base that can raise 
the Tm of a segment can be but is not limited to the addition of an Ethidium Bromide moiety as described in EN2 XX. 

10 An example of a modification of a base that can decrease the Tm of a segment can be but is not limited to the use of 
Inosine as descrit>ed by Auer et al. (1996. Nucl. Acids Res! 24: 5021-5025. contents already incorporated herein). 
[0076] A non-linear amplification product can also be synthesized under isostatic or limited cycle conditions by a novel 
nucleic acid construct that comprises two first segments and one second segment. Each of the first segments is com- 
plementary to a strand of a nucleic acid or its complement and the second segment is capable of forming a secondary 

IS structure after extension of one of the first segments. This construct would be capable of creating a product that has a 
pair of complementary potential stem-loop structures. This product could be formed by a continuous series of the fol- 
lowing steps. One first segment and one second segment of the novel construct could carry out the same continuous 
series of binding, extension, secondary structure formation, regeneration of a primer binding site, second binding, sec- 
ond extension and strand separation steps that have been described previously for linear amplification by a single novel 

20 primer In addition, the product of this synthesis could be used as a template for a series of binding and extension steps 
by the other first segment as had been described above for non-linear amplification with a novel primer and a standard 
primer. A potential series of different forms that these steps could generate is given in Figures 3 and 4. The series of 
events that this novel construct can potentially carry out is the same as described previously and the final product 
shown in Figures 4 is the topological equivalent of the final product of Figures 2 with the two 5* ends of the primers 

25 bound together. 

[0077] A non-linear amplification product can be synthesized by the use of two novel primers that are complementary 
to different strands of a target nucleic acid by a continuous series of the following steps under isostatic or limited cycle 
conditions. Novel primer (A) binds to a target strand and there is the same series of extension, secorxiary structure for- 
mation, regeneration of a primer binding site, second binding, second extension and separation of the extended primer 

30 from the template as described previously for linear amplification with a single novel primer. As extervied novel primers 
are displaced by binding and extension of other novel primers, these single-stranded products can bind novel primer 
(B) and allow it to be extended to create a full double-stranded amplicon. TTiis potential series of events is depicted in 
Figure 5. As described previously, the formation of the complement of an extended displaced primer creates a template 
with secondary structure that should allow multiple binding, extension and displacement events under isostatic or lim- 

35 ited cycle conditions. A product can be formed that has secondary structure at one end derived from sequences con- 
tributed from the first novel primer and its complement and secondary structure at the other erxJ derived from 
sequences contributed by the second novel primer and its complement. Since this structure has a loop structure on 
each strand that regenerates a single-stranded segment capable of being used as a primer binding site, further binding 
and extension of novel primers or nucleic acid constructs can be initiated on either strand under isostatic or limKed cycle 

40 conditions. Although for purposes of illustration the series of events shown in Figure 5 are a resuK of a primary initiation 
event at one end by novel primer (A), it is understood that with the availability of the complementary template strand, 
the series of events could have been depicted in a similar fashion with a primary initiation at the primer binding site of 
the complementary target strand by novel primer (B). 

[00781 Novel primers can also be modified such that the second segment Is unable to be used as template while still 
45 capable of participating in secondary structure formation through self-hybridization. Means that can be used to intro- 
duce such modifications can include but are not limited to the inclusion of abasic sites and peptide nucleic acids. Meth- 
ods of synthesis of such primers have been described in U.S. Patent Application Serial No. 08/749.266, cited supra and 
already incorporated herein. A product tfiat could be created by template dependent bindings and extensions of such 
novel primers or primer constructs is a double-stranded amplicon that Is capable of having in each strand a single stem- 
so loop at one end and a single-stranded primer birKling site at the other end. 

[0079] This product can be synthesized by these modified novel primers in a continuous series of the following steps. 
The first series of potential primer binding, extension, secondary structure formation, regeneration of a primer binding 
site, second binding, second extension and separation of the extended primer from the template can be as described 
previously for linear amplification with a single novel primer. The series of reactions with the second modified novel 
55 primer are shown in Figure 6. Since it can not be used as a tenplate. the second segment of the modified novel primers 
has no complementary strand that would othenvise compete against the self-hybridization of the second segment with 
the sequences created by extension, thereby allowing more efficient formation of a secondary structure. Tlius. even 
though there is no stem-loop structure at the 3' ends of the molecule, segments are sufficiently exposed that can be 
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used for more additional priming events. 

[0080] A non-linear amplification product can be formed under isostatic or limited cycle conditions by a novel nucleic 
acid construct that comprises two first segments and two second segments. Each of the first segments is substantially 
complementary to one strand or its complement and each of the second segments is capable of forming a secondary 

5 Structure aft^ extension of one of the first segments. This construct would be capable of forming a product that has two 
pairs of complementary potential stem and loop structures. This product would be synthesized by one first segment and 
one second segment candying out the same continuous series of binding, extension, secondary structure formation, 
regeneration of a primer binding site, second binding and second extension steps that have been described previously 
for non-linear amplification by a single novel primer. The product of this set of reactions could then be used by the other 

10 first segment and second segment of the novel construct to carry out the series of reactions described above. A poten- 
tial series of different forms that these steps could generate is given in Figures 7 and 8. The series of events that this 
novel construct can potentially carry out is the same as described previously and the final product shown in Rgure 8 is 
the topological equivalent of the final product of Rgure 6 with the two 5' ends of the primers bound together. Although 
novel constructs with more than one polarity have been used to illustrate various arrangements that can carry out linear 

15 and non-linear amplification under isothermal or limited cyde conditions it is understood that constructs with branched 
DNA can also be used tor similar processes. 

[0081 ] The compositions and methods of use of the aspects of the present invention that have been described above 
are capable of carrying out linear or nonlinear amplification without any of the limitations of previously described art. In 
these aspects of the present invention, there is no necessity for the full cycle conditions. RN A intermediates, modified 
20 nucleotides or multiple enzymes that have been required in previous art 

Self-propagating Novel Primers and Nucleic Acid Constructs 

[0082] In all other anrplif ication systems that have been described in previous art, no one has disclosed non-linear 
25 anplif ication without the requirement for two binding sites, one on each target strand. This requirement is due to the 
necessity for the presentation of sequences from each strand. Systems with this requirement have included thermal 
systems such as PGR and LCR and isothermal systems such as 3SR and SDA. As such. PGR reactions are performed 
with two primers, where each strand of a target nucleic acid is used by one or the other primer. Even in the disclosure 
of Rose et al., two identical binding sites are required to carry out PGR so the same primer could be used for each 
30 strand. 

[0083] One aspect of the present invention discloses compositions and methods of use for non-linear amplification 
where one or more binding sites for novel primers and nucleic acid constructs are confined to only one strand of a target 
nucleic acid. The novel primers and novel constructs of this aspect of the present invention have at least three seg- 
ments. These segments can be joined together either covalently or non-covalently. Means of joining segments Through 

35 covalent linkages can include but are not limited to the phosphate t3acklx)ne of normal linear nucleic acids, constructs 
that have more than one polarity and branched DNA constructs. Methods of synthesis of such constructs have been 
desaibed in (INV patent). Means of joining segments by non-covalent linkages can include but are not limited to ligand- 
receptor bonds and complementary base pairing. The segments may be adjacent to each other or they may be spatially 
separate from each other. The sequences of the segments may be distinct from each other or they may be complemen- 

40 tary or identical to each other. 

[0084] When a single novel primer has a single polarity, it has three segments with the following characteristics: 

1 ) The first segment of the novel primer is capable of binding and extension and comprises sequences that are sub- 
stantially complementary to sequences in only one strand of a target of interest such that it can bind to the target 

45 and t>e extended using the target sequence as a template. 

2) A second segment of the novel primer comprises sequences that are substantially identical to sequences in the 
target of interest such that the second segment is capable of self-hybridization with sequences created by target 
dependent extension of the first segment altowing a secondary structure to form which promotes self-priming 
events. 

50 3) A third segment of the novel primer is capable of acting as an intrastrand template and thereby allows self-exten- 
sion. 

[0085] By virtue of these characteristics, the presence of one strand of an appropriate target molecule can convert a 
single novel primer into a self-propagating nucleic add capakDle of non-linear amplification. The single novel primer of 
55 the present invention can bind to a target and utilize it as a template for extension. Due to the presence of the second 
and third segments, this product is then capable of undergoing a series of intrastrand and Interstrand binding and exten- 
sion reactions. The products of these reactions are self-propagating single-stranded nucleic acids or self-propagating 
double-stranded nucleic acids. The single-stranded nucleic add products are capable of forming stem-loop structures 
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and the double-stranded nucleic acids are capable of forming stenvloop structures after being rendered single- 
stranded. 

[0086] A series of steps that can be used to synthesize such forms from linear novel primers by the presence of the 
appropriate strand of a target nucleic acid are shown in Figures 9,10 and 11 , A novel primer can bind to a template and 

5 be extended to form the structure of step 2 of Figure 9 where synthesis is limited to copying only a discrete portion of 
the available template. A constraint on the extent of synthesis can be canied out by a variety of means. These means 
can consist of but are not limited to size, time and substrate constraints. For a size restraint, the target can be treated 
prior to exten8ion by means that create random or site-specif ic ends. Random sites can be used to create a pool with 
a select average size. Means for producing random breaks in target nucleic acid can include but are not limited to phys- 

10 ical methods such as shearing and enzymatic methods such as a nuclease. Site-specific sites can be used to create 
target nucleic adds that have a discrete size. Means for creating site specific ends can include but are not limited to 
restriction enzymes. For a time constraint, the reaction can be carried out for a time interval that is sufficient for the bind- 
ing and desired length of synthesis followed by an adjustment of the tenperature to stop the reaction. The duration of 
the time interval is determined by factors that can include but are not limited to buffer and salt conditions, the choice of 

IS temperature used for binding and extension, the use of modified substrates that are used with a different efficiency com- 
pared to normal sut>strales and the choice of the particular polymerase. For substrate constraints, the primer 
sequences can be chosen such that the desired extent of the extension reaction can be carried out by a limited number 
of particular nucleotides and excluding from the reaction the particular nucleotide or nucleotides that would allow syn- 
thesis further tfian the desired extent. For instance, omission of dTTP from a reaction mix would allow template depend- 

20 ent extension of the primer with dCTR dGTP and dATP with termination of the growing strand occurring at the point 
where dTTP is required. 

[0087] The efficiency with which extensions are stopped at the appropriate sites affects the overall efficiency of the 
reaction. It is understood that it is desirable that the stoppages be as complete as possible to insure that the target tem- 
plates have been used to produce the maximal amounts of intermediates that are capable of participating in the steps 
25 of the reaction that will be further described for this process. On the other hand it should be noted that the constraints 
do not have to be atssolute in nature. As long as some of the extension reactions are limited appropriately, reaction prod- 
ucts are created that can undergo the further steps that are descrtoed below. 

[0088] After the primer has been extended to the desired extent, the primer is separated from its template (Figure 9, 
step 3). Although not shown in this Figure, this could potentially take place by formation of a secondary structure 

30 through self-hybridization between the extended sequences and the second segment of the novel primer (the a'-b* and 
a-b segments of the novel primer shown in Figure 91 . This would allow binding and extension of other single novel prim- 
ers with the same target molecule followed by displacement of the extended primers under isostatic or limited cycle con- 
ditions as has been described in previous aspects of the present invention. However, in the absence of a design of 
sequences in the novel primer that would allow this event to occur, separation of an extended primer from its template 

35 could be carried out by thermal denaturation in step 3 of Figure 9, i.e.. full cyde conditions. The sequences for a-b can 
be chosen such that they are sequences that are adjacent to the c-d sequences in the target or as illustrated in Figure 
9 they can be separated from these sequences by a segment of appropriate length designated x-y. 
[0089] After either a self-catalyzed or a thermal release step, the partially extended primer is capable of a self-priming 
event by hybridizatfon of complementary segments as shown in step 4 of Rgure 9. This allows self-extension of the 

40 primer using the third segment of the single novel primer as the template. When a limited subset of the four dNTP's is 
used for control of the extension length in step 2 of Figure 9, the missing nucleotide(s) may have to be added for this 
further extension step. Similarly, adjustments in reaction conditions may also be needed when factors such as buffer, 
salt, temperature, polymerase or modified nucleotides have been used to influence the time interval for the limited 
extension step. The secondary extension of the primer in step 5 of Figure 9 adds sequences that are complementary 

45 to the 3* end of an unexterKied primer. Step 6 shows the denaturation of the product of Step 5 of Figure 9. The extended 
primer can then undergo either an intra-strand self-hybridization event or an inter-strand hybridization event. The intra- 
strand self-hybridization can be between the extended end and either the first segment or the third segment of the 
extended primer. Self-hybridization of the extended primer with the first segment is a seH-priming event that would form 
the structure seen in step 7 of Figure 10. This form is capable of undergoing self-extension (step 8 of Figure 10). In addi- 

50 tion to self-propagation of sequences by these potential intra-strand events, it also can take place by inter-strand hybrid- 
ization. The binding of an initial novel primer to an extended novel primer is shown in step 9 of Figure 1 0 followed by the 
extension of the initial novel primer and the further extension of the extended novel primer as shown in step 1 0 of Figure 
10. Although not shown in this Figure, there can also be an inter-strand hybridization between extended novel primers 
that could allow extension of each. Therefore, both by intramolecular and by intermolecular annealing, the extended 

55 primers can undergo the continuous addition of sequences after a denaturation event. The product of a series of reac- 
tions as depicted in Rgures 9 and 10 would be a series of amplicons with various sizes depending upon which route of 
extension was taken (intramolecular or intermolecular) and how many rounds of denaturatlon/extension took place. 
[0090] In another aspect of the present invention, a novel primer with three segments can be modified such that self- 
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priming and self-extension take place only during the limited synthesis step and self-propagation takes place by inter- 
molecular bindings and e)ctensions. This can be carried out by having a segment in the primer that partially or totally 
blocks its use as a template (Rgure 11). Methods for modifying novel primers for this purpose have been described pre- 
viously. The presence of a site that is blocked as an extension template can still allow the same potential series of reac- 

5 tions that were shown in steps 1-6 of Figure 9. However, after intermolecular hybridization of an initial novel primer with 
an extended novel primer (Step 9 of Figure 11). only the unextended primer could have new sequences added to its 3* 
end whereas the previously extended primer would remain the same length (step 10 of Figure 11). This event allows 
the further production of extended primers that can in turn be templates for additional extension events thereby creating 
a self-propagating construct. In this way there can be non-linear amplification of an amplicon with a discrete size that 

10 comprises a double-stranded segment flanked by single-stranded 5' tails. 

Constructs with self-priming hairpins 

[0091 ] The formation of a selfi3ropagating nucleic acid from a single strand of target nucleic add can also be carried 
IS out by nucleic acid constructs that comprise one or more first, second or third segments. These constructs could have 
more than one polarity or they could be branched DNA. In this aspect of the present invention, the segments of the con- 
struct have the following characteristics: 

1 ) One or more first segments are substantially complementary to sequences in only one strand of a target of inler- 
20 est such that they can bind and be extended using only said strand of the target sequence as a template. 

2) One or more second segments of the construct are substantially identical to sequences in the target of interest 
such that they are capable of self-hybridizatton with sequences created by target dependent extension of a first 
segment of the construct allowing a secondary structure to form that promotes self -priming events. 

3) One or more third segments of the construct are capable of acting as intrastrand templates and thereby allowing 
25 self-extension. 

[0092] First segments of a construct may be substantially identical to each other or they may be substantially dissim- 
ilar to each other. The second and third segments may also be described in this way Various arrangements of 
sequences can t>e used for such constructs. For purposes of illustration, examples of such arrangements are given for 
30 constructs with multiple polarities. In this aspect of the present invention, the final product of template dependent bind- 
ings and extensions followed by intrastrand and interstrand bindings and extensions are constructs that are capable of 
forming one or more stems and one or more loops by intramolecular hybridization. 

[0093] A self-propagating nucleic acid can be formed by a novel nucleic acid construct that has one first, second and 
third segment. In this example, the second segment has its own 3* end because it is part of a construct with more than 
35 one polarity. However, it still functions only as a second segment due to a blockage of the 3* end. This blockage of exten- 
sion can be carried out by any of a number of means known to those skilled in the art. 

[0094] A potential series of events tiiat can take place when this construct is contacted with an appropriate target 
strand is shown in Rgure 1 2. After binding to the appropriate target strand, the first segment can undergo limited exten- 
sion. Tlie same potential means of limiting the extent of synthesis by size, time and substrate constraints previously 
40 described for limiting synthesis also find utility in processes with this construct. The extended strand is then capable of 
either intra-strand binding with the second segment of the same construct (step 4a) or inter-strand binding with the sec- 
ond segment of another construct molecule (step 4b): With either of tiiese arrangements further extension can take 
place by using the third segment as a template (step 5a and 5b). The product of either of these processes is an 
extended construct that is capable of self-propagation by being used as a template for binding and extension of more 
45 initial primer constructs (step 6 of Rgure 12). 

[0095] A self-propagating nucleic acid can also be formed by a novel nucleic acid construct tfiat has two or more first, 
second and ttiird segments. Depending upon the design of the consti-uct, a self-hybridization event can occur within the 
same extended strand or it can occur between different extended strands of the construct. Although constructs with 
multiple polarity or branched DNA can physically comprise a single strand, for the purposes of clarity a strand in a con- 
so struct refers to a continuous stretch of nucleic add that has a single polarity. An example of constructs that have two 
first, second and third segments with tiie strand arrangements described above are given in Rgure 13 and Figure 15. 
The constructs used in this aspect of tiie present invention are related to ttie previous aspects that were exemplified in 
Figures 9, 10 and 1 1 . In common with these, synthesis is limited to copying only a discrete portion of the available tem- 
plate. The same size, time and sut>strate constraints pre\^iously described for limiting syntiies'ts also find utility in these 
55 aspects of the present invention. Thereby, step 3 of Figures 13 and 15 are equivalent to step 2 of Figure 9 witii ttie 
exception that a single template molecule is used for extension of two 3* ends ratiier than only one. Release from tfie 
template can allow self-hybridization In the construct followed by further strand extension. The arrangement in Figure 
13 allows intrastrand binding and extension wittiin a construct whereas in Rgure 15 there is inter-strand binding and 
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extension within a construct. For both of tfiese arrangements there can be a denaturation event that can allow further 
self -priming and self-extension reactions by use of different copies of the repeated segments of the constructs. How- 
ever, Figures 14 and 16 illustrate a series of events that demonstrate the ability to self-propagate by binding to unex- 
tended constructs and initiating mutual extension events. 

5 [0096] The products of the target dependent extension reactions illustrated by Figures 9 through 16 are different 
depending upon the particular anrangement of the segments in the initial construct. However, they do share a common 
secondary structure characteristic. The products of the present invention have intramolecular forms that constitute sin- 
gle-stranded regions as well as self-complementary dout^le strarKled regions. These single-stranded regions can be 
drawn as loops (the products of Figures 9. 10, 1 1 . 13 and 14). They can k>e part of a circle (the product of Figure 12). 

10 They can part of double single-stranded loops consisting of non-complementary sequences located between two 
double-stranded regions (Figure 14 and 15). This characteristic is in contrast to the products of previously described 
constructs with multiple polarities (INV patent) where the intramolecular products were completely made up of self-oom- 
plementary sequences. 

[0097] Although novel acid constructs have been described that used more than one polarity for the preceding reac- 
15 tions it is understood that branched DNA constructs could have been used for the same series of reactions and equiv- 
alent products. Also, the constructs with more than one polarity that have been described in this aspect of the present 
invention are different from those described in (INV patent). In that previously described art. the segments capable of 
extension were complementary to both strands of a target nucleic acid, whereas in the present invention the entire reac- 
tion is carried out by template-dependent priming and extension of segments that are complementary to one and only 
20 one strand of a target rujcleic acid. 

Simplification of Reactions and Reaction Products 

[0098] In all amplifications including the present invention, there are side reactions that can also take place during the 
25 reaction. These can form a complex variety of higher molecular weight products. They can be deleterious in terms of 
reducing the efficiency of either synthesis of the desirable sequences or the efficiency of detection of these sequences. 
Reduction of efficiency of synthesis can take place when the side reactions reduce the amount of synthesis of desirable 
sequences by competition for polymerase and sibstrates resources. The side reactions can also reduce efficiency 
when appropriate sequences are synthesized txjt they are In secortdary structures that are inhibitory to some of the 
30 Steps of the reactions. This can take place by structures that interfere with either binding or extension of primers. In the 
latter case there can be a loss of efficiency due to an inability to use a primed template and also due to a loss of 
polymerase activity if the enzyme is bound but unable to proceed. Inappropriate secondary structures can also create 
problems in the detection of appropriate sequences. 

[0099] Novel methods are disclosed that can be used to reduce the effects of these secondary reactions. These meth- 
35 ods can be used with various aspects of the present invention that have been previously disclosed and it is understood 
that they may also be used in conjunction with methods of amplification that have been described by-others. Since a 
self-propagating system uses products as templates for further reactions the extent of synthesis of any product can be 
controlled by reduction in the average size by including a limited amount of terminator nucleotides into the reaction. In 
this way a product can be synthesized that cannot undergo side reaction extensions but can still be used as a template 
40 for extensions by other primers or primer constructs. This can increase the amount of appropriate sequences synthe- 
sized and reduce the amount of potential inhibitory elements. Abrogation of the effects of secondary structures can also 
be carried out by post-synthesis methods that either eliminate secondary structures or release the target sequences 
from association with such structures. An example of the former method can be treatment with a single-strand specif k; 
nuclease that digests the loops and junctions of secondary structures. Disassociation can be carried out by digestion 
45 with restriction enzymes that can isolate the desirable segments away from other DNA sequences. Elimination and dis- 
sociation can be carried out simultaneously by limited digestion with DNase or physical treatments such as depurina- 
tion. The product of these treatments woukJ then be rendered more efficient in terms of signal generatbn by a variety 
of detection means. 

so Polynucleotides containing negatively charged modified nucleotides 

[0100] In another aspect of the present Invention, methods and compositions are disclosed that use nucleotide ana- 
logues that allow amplification of double-stranded DNA targets when using denaturation temperatures that are below 
those of the corresponding unsubstituted double-stranded segment. This is carried out by the introduction of bases 
55 modified by negatively charged constituents that reduce the Tm of an extended product. In contrast to the teachings of 
Auer et al. descrbed prevbusly, the substitution of the nKxJified bases of the present Inventton base still allows temper- 
atures for binding that are in the range commonly used with unmodified bases. The lower tenperatures that were 
descrit>ed by Auer et al. have the limitation that it Is well known in the art that the use of teywer temperatures for binding 
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of primers to nucleic ackJ targets can corttribute to non-specific priming with non-target nudeic acid tenplates and also 
to increased primer-dimer formation. The present invention avoids these limitations by retaining the ability to use higher 
binding temperatures in the presence of modified bases. Whereas in previously described art the difference between 
the highest and lowest temperatures used in full cyde PGR can range between 25-50^0, the present invention can use 
5 a compressed series of cycles that differ by less than 1 0°C. Thus the present invention provides the use of a tempera- 
ture that is high enough to preserve efficient specific annealing of primers while at the same time is low enough to avoid 
exposure of the enzyme and nucleotide substrates to temperatures that allow considerable levels of inacttvation during 
the time used for the readton. 

10 Post-synthesis labeling 

[01 01 ] In the present invention, novel compositions and methods are disdosed for the generating non-radioactive sig- 
nals that overcome the limitations in prior art that are intrinsic to the use of large bulky groups that have previously been 
used in obtaining sequence information. It has been known previously in the art that in general, chain terminators have 

IS a problem being incorporated by polymerases. It has also been long known that the presence of large bulky groups use- 
ful in signal generation creates a further reduction In incorporation efficiency. An example of this is a group of fluores- 
cently labeled dideoxy nudeotides that weren't substrates for the Klenow fragment of polymerase I although they could 
be used by AMV Reverse Transcriptase and T7 polymerase (Prober et al., 1987, Sdence 238 : 336-341 . contents incor- 
porated herein). Both of these factors can reduce the overall level of incorporation, which in turn reduces the amount of 

20 terminations and signal produdion. In particular, longer strands of DNA are adversely affected since termination of 
these loci is usually generated by redudng the amount of termination nudeotides compared to normal nudeotides; 
thereby adding further stress on the likelihood of their incorporation. 

[0102] In the present invention, these limitations are overcome by covalent linkage of a signal generation moiety to a 
reactive group in a terminator nudeotide after the strand extension and termination events are concluded. This is in 

25 contrast to previous methods that incorporate a label either prior to or during strand elongation. 

[01 03] In this aspect of the present invention, reactive groups indude those that a) provide substantially specific cov- 
alent linkage of signaling moieties to terminal nudeotides rather than internal nucleotides and b) do not substantially 
inhibit incorporation of the modified terminator nucleotides or interfere with analysis by electrophoresis. Examples of 
reactive groups that can be added to a terminator nudeotide can include but are not limited to thiol, alkyi hallde, free or 

30 protected primary and secondary amine groups. Methods for creating derivatives with reactive groups can tie knjt are 
not limited to those described by Ward et al.. in U.S. Patent nos. 5.476.928; 5.241 .060; 5.260.433 and 4.707.440. cited 
supra and already incorporated herein by reference. Groups useful in signal generation can then be attached to the ter- 
minated strands without regard to any inhibitory effeds upon enzymatic adivity or substrate utilization. Groups useful 
in detection can include but are not limited to haptens, ligands, receptors, fluoroscein, rhodamine, coumarin and other 

35 fluorescent molecules, infra-red fluoroscent groups, chemiluminescerrt moieties, energy transfer systems and 
enzymes. Other useful readive groups inclide bulky or charged groups that when incorporated into terminating nude- 
otides render them unusable as enzyme substrates. Such groups indude Texas Red and donor conjugates for delayed 
f luorescense. Methods for attachment of signal generating groups to readive groups are described by Ward et al. in 
U.S. Patent # 5.476.928, and also US. Patent #s 5.241,060; 5,260.433 and 4,707,440, already incorporated herein. 

40 This aspect of the invention can be earned out in conjunction with methods disdosed previously for production of mul- 
tiple copies from a single template under Isostatic or limited cycle conditions. In addition, it is understood that post- 
polymerisation labeling can also be canried out when using any means that have been described previous to the disdo- 
sure of the present invention. 

[0104] This method is in contrast to the original description of using the chain terminator as a source of signal gener- 
45 ation as described by Hobt»s and Cocuzza in US Patent # 5,047,519 (incorporated herein) teach away from tiie present 
invention where they explicitly state that "To be useful as a chain-terminating substrate for f luorescence-fc>ased DNA 

sequencing, a substrate must contain a fluorescent label The present method overcomes the limitation that either 

dNTPs or ddNTPs have to be marked prior to incorporation in any of the commonly employed means of sequence anal- 
ysis of labeled DNA strands. These can include both static systems and real time analysis. Examples of static systems 
50 would indude but not be limited to acrylamide gel separations followed by photography or chemiluminescence detec- 
tion. Examples of real time analysis would indude but not be limited to acrylamide gel separations followed by detection 
of a single dye as used by Ansorge et al.. 1986 or it could be distind dyes for each base termination as described by 
Smith et al., in US patent #5,171,534 and Prober et al., in U.S. patent # 5,332,666. The contents of the foregoing put>- 
lication and two patent documents are incorporated herein by reference. It is also understood that although the present 
55 invention has been described in terms of chain termination by dideoxynucleotides, otiier chain terminators can also be 
used. A description of various chain terminators Is given in "DNA Replication" , 2"^ Edition, by A. Kbrnberg and T. A. 
Baker, 1 992, 447-449, W.H. Freeman and Co. , NY, NY, incorporated herein. Examples of changes in the sugar ring can 
include but not limited to acydo and arabinosyl dNTPs. When used as terminal nudeotides these derivatives may be of 



19 



BNSDOCID: <EP p971039A2_L> 



EP0 971039A2 



particular use since chemically and biochemically they should be well distinguished from the normal nucleotides that 
comprise the other parts of the DNA strands. It has also been shown in US Patent # 5.332. 666 (incorporated herein) 
that fluorescently labeled acycio derivatives can produce sequence ladders that are equivalent to ones derived by radi- 
oactive labeling. In addition, blockage of chain termination by the presence of an amino group in the 3* position of a ter- 

5 minator nucleotide can also provide a functional group for the post-synthesis attachment of a signal generating moiety 
Other blocking groups can be used that are capable of regenerating an active 3'-OH end of a strand. For instance when 
a photodeavable group is included as described in the art by the 3' OH can be regenerated after the reaction has been 
terminated and used for attachment of a label. Systems that could be used for this function include but are not limited 
to incorporation of a fluorescently labeled dideoxynucteotide by terminal transferase. 

10 [01 05] Another aspect of the present invention is directed towards overcoming limitations inherent in the primer labe- 
ling system by separation of the primer labeled extension products that have been terminated properly from those 
which have not. Such a separation can be achieved by using properties of modified terminator nucleotides. This can be 
carried out by either a pre-existing marker in the terminator nucleotide or by a post-synthesis modification as described 
above. Any means that can allow a suitable physical separation t>etween the presence and absence of a marker is con- 

15 sidered to be within the scope of the present invention. Examples of such pre-existing markers can consist of but not 
be limited to biotin. imino-biotin, fluorescein, halogens, thiols, and amines. Means of physically sequestering strands 
that have such markers can consist of but not be limited to avidin, streptavidin. antibodies and physical matrices that 
combine with halogens, thiols or amines. After separation of the marked strands from the strands lacking terminator 
nucleotides, the products can be released in a form that is suitable for sequence. Examples of means for such release 

20 can consist of but not be limited to physical denaturation of proteins such as antibodies through heat or chemical treat- 
ments. Release can also be carried out by use of a sdssable bond such as a disulfide bridge or imino biotin. Methods 
of use of scissable bonds is described in the Ward disclosures cited supra. Signal generation from the purified strands 
can be carried out by markers In the oligonucleotide used as a primer, or in the dNTP or ddNTP nucleotides that have 
been added to the primer. 

25 [0106] The processes of the present invention can be adapted to signal generation for all sequencing procedures 
including those that use a single channel and 4 different dyes as well as procedures that use 4 channels and a single 
dye. Signals produced in such procedures can be analyzed in real time of by scanning. 

[0107] Thus, the present Invention provides a post-termination labeling process for nucleic acid sequencing compris- 
ing three steps. First, nucleic acid fragments corresponding to the nucleic acid sequence of interest are produced in the 
30 presence of untagged or unlat>eled substrates, untagged or unlabeled primer, polymerizing enzyme, buffer and an 
appropriate untagged or unlabeled terminator for each nucleotide base. Each of the terminators comprise a chemically 
reactive group that covalently binds to a tagged molecule under conditions that internal sequences are sulDstantially 
non-reactive to the tagged molecules and the chemical reactions do not substantially interfere with separation of the 
fragments in a medium or matrix Next, the fragments produced in a medium or matrix are separated followed by detec- 
ts tion of the separated fragments by means of detecting the tagged molecule in said medium or matrix. 

[0108] Various embodiments may be included in the above-described post>termination labeling process. In the pro- 
ducing step, for example, the chemically reactive groups of the terminators can be protected prior to their enzymatic 
incorporation into the fragment produced and they can then l^e deprotected prior to covalently binding any tagged mol- 
ecule. The chemically reactive group can comprise a nitrogen, a sulfur or an oxygen atom. Furthermore, the chemically 
40 reactive groups on said terminators can be different, or they can be the same. In addition, the tagged molecule can be 
the same or they can be different for each terminator. Those skilled in the art will readily appreciate that such tagged 
molecules are known and may k>e selected from the group consisting of fluorescent dyes, chemiluminescent dyes, infra- 
red dyes, chemiluminescent entitles and electrochemiluminescent entities, or combinations thereof. 
[0109] In addition to the just described embodiments and features of the post-termination labeling process, the sep- 
45 arating st^ can be can-ied out electrophoretically. and the medium or matrix can comprise a gel, such as a polyacryla- 
mide gel. Separation can also be carried out by capillary gel electrophoresis. 

[0110] With respect to detection, this step can be carried out by a means selected from photometric measurement, 
spectrophotometric measurement, colorimetric measurement, fluorometric measurement, delayed fluorescent meas- 
urement and chemiluminescent measurement, or combiriations thereof. 

50 

Utility of invention 

[01 1 1 ] The various aspects of the present invention that are capable of carrying out linear and non-linear amplification 
of nucleic acid sequences can fulfill many of the functions that have previously been carried out by methods descril)ed 
55 in previous art for isothermal and thermocyder dependent methods. These can include but are not limited to sequenc- 
ing, probe synthesis and labeling, forensic identification, allele identification, genetic screening, isolation and clorvng of 
desirable genes, artificial gene construction, gene expression and diagnostic identification. Reverse Transcriptase or a 
DNA polymerase capable of reverse transcription can be used to practice the present invention with an RNA molecule 
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as the initial substrate. The reactions can be canried out in the absence of any modifications off the primers or reagents 
or if desired these can be labeled or otherwise modified. The presence of amplified sequences can be assayed directly 
either by incorporation of labeled nx}ieties or by direct visualization. Indirect means of identification can also be carried 
out by hybridization with appropriate probes. These indirect means can include but are not limited to dot blot, slot blot, 

5 Southern blot and plate assay formats. 

[01 1 2] Although certain nucleic acid sequences are required to be present in the primers for binding to template or to 
create self -complementary regions for multiple priming e^^ents. additional nucleic acid sequences can be included in tiie 
primer sequences to provide desirable properties by their presence. These can include but are not limited to phage 
RNA promoters to allow a further amplification of desirable nucleic acid sequences and sequences that can be used for 

10 identification or isolation of amplicons. Sequences could be included in primers or a primer construct that would create 
an anrplicon witii an inverted repeat at each end. This segment could then be used as a binding site for a single primer 
or primer construct that could use either strand for binding and extension. Since the choice of the inserted sequence is 
arbitrary, this segment could bQ a universal target that oould be used for amplification regardless of the sequences in 
between. 

15 [0113] Also provided by the present invention are processes for producing nucleic acid sequences that have 
decreased thermodynamic stability to complementary sequences. In this process, at least one modified nucleotide or 
nucleotide analog having a negatively charged chemical moiety is incorporated into the nucleic add sequences pro- 
duced. 

[0114] A furtiier provision of the present invention is a single-stranded or douWe-stranded nucleic acid polymer 
20 selected from the group consisting of a linear nucleic acid, branched nucleic add, an inverted nudeic acid and a pep- 
tide-nudeic acid, or a combination of any of the foregoing. The nudeic acid polymer comprises at least one purine or 
pyrimidine base comprising one negatively charged chemical moiety in one or both strands of tiie polymer. 
[0115] This invention further contemplates and embraces compositions and Mts for use in the variously described 
processes above. 

25 [0116] The examples which follow are set forth to illustrate various aspects of the present invention but are not 
intended in any way to limit its scope as more particularly set forth and defined in the claims that tbitow tiiereafter. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 Example 1 1sothermal amplif Ication of PGR product by Bst polymerase at 53**C and GS'^C 

(i) PCR amplification of HBV plasmid DNA 

[Oil 7] The HBV positive control from the HBV Microtitre Plate Assay (ENZO Diagnostics, NY, NY) was used as a tar- 
iff get for amplification by PCR. According to the manufacturer, this DNA is 80 pg/ul (the equivalent of 1 .2 x 10^ copies of 
HBV per ul). A 50 ul PCR reaction was carried out consisting of 1 ul of HBV target, 1 x PE buffer (Perkin-Elmer, Emer- 
yville, CA), 4 mM MgCl2, 250 um dNTP. 6 units of Amplitherm (Invitrogen, Lajolla, CA) and 10 pMoles of HBV oligo prim- 
ers FC and RC. 

40 FC Sequence (SEQ ID NO:1) = 

5-CATAGCAGCA GGATGAAGAG GAATATGATA GGATGTGTCT GCQGCGTTT.3' 

RC Sequence (SEQ ID NO:2) = 

5'-TCCTCTAATT CCAGGATCAA CAACAACCAG AGGTTTTGCA TGGTCCCGTA-3' 

45 

[0118] In this example, the 29 bases at the 3* end of the FC primer and tiie 30 bases at the 3' end of the RC primer 
are first segments that are capable of extension using HBV target DNA as a templata The 30 bases at tiie 5' end of tiie 
FC and PC primers are second segments that are complementary to tiie first 30 bases syntfiesized by extension of tiie 
primers using HBV DNA as a template. Thermocycling conditions were 30 cycles of 94''C for 1'. se^'C for 15'', and SS^'C 
so for 30". Based on tiie HBV sequence, the anticipated PCR product should be 211 bp in length. Stem-loop structures 
are possible at each end of this product with 30 base pair stems contributed by the second segment and its complement 
and 29 and 30 base loops contributed by the FC and RC first segments respectively 

(ii) Analysis of PCR product 

55 

[01 1 9] The amplification was assayed by gel electrophoresis of a 10 ul sample in a 4% Metaphor agarose gel (FMC 
BioProducts. Rockland. ME) tiiat was run with 0. 5 x TBE txjffer in ttie presence of 0.5 ug/ml Etiiidlum Bromide. Under 
UV illumination, three bands appeared that as judged tjy DNA size markers were approximately 210. 180 and 170 bp 
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in length. The band corresponding to 210 bp is the linear PGR product that had been anticipated and presumably the 
other two bands correspond to the same size amplicons where secorKlary structures are formed on either one or both 
ends thereby changing their effective mobilities. 

5 iii) Isothermal amplification of the PGR product. 

[0120] 5 ul of various dilutions of the PGR product from above were used in a 100 ul reaction mix consisting of 1 x 
ThermoPol buffer (NE Biolabs, Beverly. MA). 200 uM dNTP. 20 pMoles of Fon/vard and Reverse Primers. 8 units Bst 
Polymerase (NE Biolabs. Beverly MA). The Forward Primers were either FC or LFG, the Reverse Primers were either 
10 RG or LRG. The sequences of the FG and RG primers have been given above. The LFG and LRG primers have 
sequences that correspond to the first segments only of the FG and RG primers: As such their sequences are as fol- 
lows: 

LFG = 5*- GGATGTGTGT GCGGGGTTT-S' (SEQ ID N0:3) 

15 

LRG = 5'-AGGTTTTGGA TGGTGGCGTA-3' (SEQ ID NO:4) 

[0121] Incubations were for 30 minutes. 180 minutes or overnight inculcations. Temperatures for the reactions were 
either SS'^G or GS^'G. The 30 minute reactions were analyzed by get electrophoresis with a 2% agarose gel: the 180 

20 minute reactions were analyzed with 4% Metaphor agarose. 

[0122] The results of this analysis are shown in Figure 17. In the first set of samples taken after 30 minutes of incu- 
bation, only the 10"^ dilution of the PGR product shows any synthesis at 53**G whereas the reactions from the 63^*0 
show synthesis in the 1 0"^. 1 0"^ and 1 0"* dilutions. These data demonstrates that the amount of synthesis is dependent 
upon the amount of input target DNA. In the set of samples taken after 180 minutes of synthesis there is substantially 

25 more synthesis. The product of these reactions is a series of bands that form a discrete pattern. This is in contrast to a 
single discrete band that is usually seen in PGR or the two or three bands seen previously with the LG and RG primers 
after PGR amplification. This multiplicity of bands may possibly be due to the presence of the secondary structures 
allowing the amplicons to function as primers as well as templates or it may be an indication of strand switching. After 
incubation at 53^*0 for three hours, even the control without any target shows evidence of substantial synthesis. How- 

30 ever, it can be noted that there Is a single target depervjent pattern that Is seen in all the SS^'C reactions with target tem- 
plate and the pattern present in the no target control is substantially different, presumably due to having a different 
pathway from the target initiated synthesis. The 63**G incubations show sut>stantial synthesis at all dilutions of the tem- 
plate and demonstrate the same pattern produced by the SS'^C reactions. However, in this experiment there was no evi- 
dence at 63<'G for target independerrt amplification. The presence of substantial amounts of synthesis at even the 10-^ 

35 dilution is an Indication that the system is capable of substantial amplification. The overnight incubations were also ana- 
lyzed by gels and showed .the same patterns and amounts as the 3 hour incubations (data not shown). 

Example 2 TImecourse/sensitivity of Isothermal amplification of HBV sequences 

40 i) Amplification 

[0123] HBV plasmid DNA previously digested with Eco R1 was used as a tenrplate for isothermal amplification. DNA 
Mixtures consisted of 100 ul containing 40 pM each of FG and RG primers. 1 x ThermoPol Buffer (N.E. Biolabs. Beverly 
MA) and 4 x 1 0^ 4 x 1 0^ or 0 HBV molecules. These were heated to 94*'G for 5 minutes using a Model 480 thermocyder 

45 from Perkin-Elmer (Emeryville. GA). The machine was then set for 480 minutes at 63**G. After the block had adjusted to 
eS'^G. individual tubes containing 25 ul of Enzyme Mix were put into the thermocyder block. Each tube of Enzyme Mix 
contained 4 units of Bst polymerase (N.E. Biolabs. Beverly MA). 1 x ThermoPol Buffer (N.E. Biolabs. Beverly MA) and 
400 uM dNTP*s. After the DNA Mixtures and Enzyme Mixes had adjusted to 63**G. 25 ul samples were taken from each 
DNA Mixture and added to each Enzyme Mix tube for a total volume of 50 ul each. For each tube of DNA Mixture, three 

50 samples were taken. One sample for each DNA concentration was taken out of the SS^'C block after 2, 4 and 8 hours. 

ii) Assay for amplification 

[0124] To distinguish between target dependent amplification and target independent amplification, microtitre plate 
55 assays were used to detect the presence of target specific sequences. The reagents and directions o1 use for this assay 
were taken from the HBV Microtitre Plate Assay from ENZO Diagnostics (Farmingdale. NY) with the substitution of 
plates and signal probes specific for the amplicon made by LG and RG primers. 
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iii) Preparation of microtitre plates 

[0125] Plates were prepared in a batch process that used 5 frames with 12 (Dynel?) strips (manufacturer) in each. 
The sequence of the capture oligonucleotide used for these plates was derived from a region of HBV that is in between 
5 the FC and RC primers and is described as follows: 

5'-CTCATCTTCT TATTGQTTCT TCTGGATTAT CAAGQTAT-3' (SEQ ID NO:5) 

[0126] Each well of the microtitre plate was rinsed twice with 200 ut of 1 M Ammonium acetate and then left inverted 
10 at room temperature for 2 hours. A 10 ul solution containing 1 00 uM of the capture oligonucleotide described above was 
mixed with 27.5 ml of 1 M Ammonium acetate. 50 ul of this solution was added to each well and the plates were incu- 
bated overnight at 37^C in an incubator with an open container of 1 M Ammonium acetate. The next day. each well was 
washed once with 200 ul of 1 M Ammonium acetate and the plates dried overnight. Strips that were then placed in a 
pouch with dessicant for future use. 

15 

iv) Preparation of probe 

[0127] The RC oligonucleotide used as a primer for the ampifflcation was also used as the signal probe for the plate 
assay. T-tailing of 100 uM of the RC oligonucleotide was carried out by use of a Terminal Tailing kit from ENZO Diag- 
20 nostics (Farmingdale. NY). 26 ul of the tailed RC oligonucleotide was mixed with 12.8 ml Signal probe buffer (33% 
Deionized Formamide. 5mM EDTA (pH 8.0). 1% Triton X-100. 2.5% Dextran Sul^te, 0.1 5M NaCI, 0.1 2M HEPES (free 
acid). 0.01% phenol Red). 

e) The results of the microtitre plate assay with the samples from the reactbns are given t>elow: 

25 



30 





2 Hours 


4 Hours 


8 Hours 


1 xlO^ targets 


0.413 


1.491 


1.419 


1 xlO^ targets 


0.203 


0.098 


1.017 


No target 


0.086 


0.085 


0.063 



35 [01 29] As can be seen alxjve. the amount of product was related to both the amount of initial target and the amount 
of time the reaction proceeds. There was also no signal generated from any products formed in the absence of target. 
Also, in this assay values of 1.4 or greater are saturation values and the amount of product can be much greater. 
Assessment of the total amount of product would require dilutions of the product until it was in the dynamic range of the 
assay. However, for the purposes of this example this was not done. The amplification reactions previously described 

40 are not dependent upon the use of Bst polymerase. When a different enyzme. Bca polymerase (PanVera, Madison, Wl) 
was substituted, substantial amounts of synthesis could also be seen in the plate assay (data not shown). In addition, 
the tenrperature maximum for the Bst reaction appeared to be 63**C but when the Bca polymerase was substituted, 
amplification could be achieved at 68'*C. According to the literature that accompanied each enzyme, the optimal tem- 
perature for the Bst and Bca polymerases is 65**C and 70''C respectively. This may account for the 5°C differences in 

45 their maximal temperatures. 

Example 3. Amplification with ATth polymerase 

[0130] Due to the heat lability of the the Bst or Bca polymerases, tine reactions in the previous examples, had to be 
so canied out in two st^s. The denaturation of target DNA was carried out in the absence of the polymerase followed by 
addition of the enzyme after equilibration at a lower temperature. It would be desiralile to be able to include tiie polymer- 
ase in the initial step so as to reduce tiie handling steps and to reduce the chances of amplicon carryover contamina- 
tion. Therefore, conditions were established that allowed the use of a 5'-3' Exo' derivative of Tth polymerase to carry 
out isothermal amplf Ication. In this particular example, two primers designated FJ and RJ were used tiiat had tiie Ibi- 
55 lowing sequences: 

FJ Sequence » (SEQ ID NO:6) 

5*-CATAGCAQCA GGATQAAQAQ QAATATGATA fid GGATGTGTCT GCGGCGTTT-3' 
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RJ Sequence = (SEQ ID N0:7) 

S'-TCCTCTAATT GCAGQATCAA CAACAACCAG TGC AGGTTTTGCA TGGTCCCGTA-3* 

[0131] Each of these primers are similar to the FC and FJ primers described prev/iously except that they each have 
5 three more nucleotides (underlined above) in their first segments. Reactions were set up with 1 x 10^. 1 x 10"*, or 1 x 
10^ HBV target molecules. One reaction contained 50 ng of T7 DNA instead of HBV DNA and this was used as the no 
target control. Reaction conditions were as follows: limit the Isothermal amplification had to be carried out in two phases 
the first step was a high temperature 94''C denaturation of target molecules. 

10 Amplification with ATth polymerase 

[0132] Due to the heat lability of the the Bst or Bca polymerases, the reactions in the previous examples, had to be 
carried out in two steps. The denaturation of target DNA was carried out in the absence of the polymerase followed by 
addition of the enzyme after equilibration at a lower tenperature. It would be desirable to be able to include the polymer- 
15 ase in the initial step so as to reduce the handling steps and to reduce the chances of amplicon carryover contamina- 
tion. Therefore, conditions were established that allowed the use of a 5-3* Exo' derivative of Tth polymerase to carry 
out isothermal amplftcation. In this particular exanple, two primers designated FJ and RJ were used that had the fol- 
lowing sequences: 

20 FJ Sequence (SEQ ID NO:6) = 

5'-CATAGCAGCA GGATGAAGAG GAATATGATA GCI GGATGTGTCT GCGGCGTTT-3' 

RJ Sequence (SEQ ID NO:7)= 

5--TCCTCTAATT CCAGGATCAA CAACAACCAG TOG AGGTTTTGCA TGGTCCCGTA-3' 

25 

[01 33] Each of these primers are similar to the FC and FJ primers described previously except that they each have 
three more nucleotides (underlined above) in their first segments. Either isothermal or PGR reactions were carried out 
with 1 X 10^. 1 x 10"^. or 1 X 10^ HBV target molecules in a 50 ul reaction volume. A no target control was also included 
that contained 50 ng of T7 DNA instead of HBV DNA. Each target concentration was setup in a lOOul reaction nvxture 

30 that contained 10 units of ATth polymerase (Clontech Laboratories. Palo Alto, CA), 1 x ATth polymerase buffer (Clon- 
tech Laboratories. Palo Alto, CA). 250 uM dNTP. 2.5 mM MgCl2, 1 x PGR Enhancer (Epicentre Technologies, Madison, 
Wl) and 20 pmoles each of FJ and RJ primers. Each mixture was divided into two 50 ul portions. One 50 ul portion was 
used in an isothermal reaction by heating to 94**C for 5 minutes followed by 240 minutes at 68**C in a thermocycler. The 
other portion was maintained at 4^C until the isothermal reaction was finished and the thermocycler was used to carry 

35 out PCR with this portion with 35 cycles of 94°C for 1 minute and 68**C for 45 seconds. 

[0134] The extent of the isothermal reaction was measured by gel electrophoresis and plate assays as described in 
the previous examples. The plate assay was carried out as described previously except that the T-tailed probe was 
derived from the LFC primer. Results from each of these methods are shown in Figure 18. The gel electrophoresis 
shows extensive synthesis with the 1x10^ and 1 x lO'^ target reactions after isothermal amplification. Although it does 

40 not show up well in a photograph, the gel also showed a lesser level of amplification with the 1x10^ target reaction. 
The PCR reactions were also examined in the same gel and show essentially similar results with high levels of amplifi- 
cation with the 1x10^ and 1x10^ target reactions. Under these conditions there is also seen a non-specific reaction 
that created a smaller amplicon that increased inversely with the amount of synthesis of the appropriate amplicon. 
When the isothermal reactions were also assayed by the plate assay, the higher levels of targets gave saturation levels 

45 and it can be clearly seen that the 1 x 1 0^ target level gave a positive reaction. K should be noted that the negative con- 
trol showed no signs of signal generation by either of the two assays. 

Example 4. Use of a single primer for amplification 

50 [0135] Each sample consisted of a 50 ul reaction containing 1 x Taq Buffer (Perkin Elmer. Emeryville. CA), 5mM 
MgCI2, 200 uM dNTPs, and 5 units of Amplitaq Gold (Perkin Elmer, Emeryville, CA). Each reaction also had 5 pM of an 
oligonucleotide primer with the following sequence: 

5'CCTGCTGCTA TGCCTCATCT QACAAACGGG CAACATACCT CCTGCTGCTA TQCCTCATCT-3' (SEQ ID 
55 NO:8) 

[0136] Single primer amplifications were canried out in duplicate with or without target DNA (1 ul of the control HBV 
described previously in Example 1). Reactions were carried out in a thermoyder with one cycle of 94''C followed by 50 
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cycles of 94**C for 1 minute, 60**C for 15 seconds and 66^0 for 15 seconds. To reduce non-specific primingp samples 
were not added to the thermocycler block until it reached 90°C during the first cycle. 

[0137] The extent of the reactions was analyzed by microtitre plate assays using the same plates, probe and format 
described in Exanrple 2. The results of the reactions (in duplicate) were as follows: 



10 



HBV + 


1.407 


0.377 


No Target 


0.083 


0.087 



[01 38] As can be seen atx3ve. although there was some variation in the amount of signal generated from the duplicate 
reactions, there was a clear indication of the presence of target sequences after carrying out amplification with a single 
primer. 

15 

Example 5 Primer Extension with Carboxy-diiTP 

i) Synthesis of cartx>xy-dUTP 

20 [0139] A 5 ml solution containing 100 uMdes of allytamine-dUTP (ENZO Diagnostics, Farmingdale. NY) in 0.2 M 
Sodium Borate buffer (pH 9.2) was mixed with a 20-fold molar ^cess of Sucdnic Anhydride (Aldrich, Milwaukee. Wl) 
dissolved in 5 ml of Dichioro Methane (Aldrich, Milwaukee, Wl). This suspension was transfon'ed to a 50 ml Falcon tube 
and vortexed. The pH of the aqueous phase was readjusted to a value of of 9.2 by addition of appropriate amounts of 
Triethylamine (Aldrich. Milwaukee, Wl). Shaking and readjustment was continued until the pH value stabilized. An aliq- 

25 uot was taken and tested by HPLC for the disappearance of the allylamine peak and the appearance of a later peak that 
represented the cartx>xy-modifled product. The aqueous phase was removed and diluted 10-told with H2O and loaded 
onto a DEAE-Sephadex A-50 column pre-equilibrated with 0.05M Triethylammonium Bicarbonate buffer (pH 7.8). The 
product was eluted by a 0.05 M-0.70 M gradient of Triethylammonium Bicarbonate. Fractions were collected and ana- 
lyzed by UV absorption at 290 nM. Appropriate fractions were checked t>y HPLC for purity Fractions with >99.5% purity 

30 were pooled together and salts removed in a rotary evaporator in vacuum at 30*'C. The remaining solkjs were dissolved 
in an appropriate amount of H2O and adjusted to a final concentration of 10 mM as judged by absorption at 290 nM. 
Aliquots were prepared and store at -70*'C until used. 

ii) Primer extension reactions 

35 

[0140] The template for primer extension was single-stranded DNA obtained by PEG precipitation of phage particles 
from an mp 18 clone that contained a 1 .4 kb insert of HBV. The primer for extension was PM-1 whose sequence is com- 
plementary to part of the lac region of the mp 18 vector. The sequence from this primer was: 

40 5'-CGC CAG GGT TTT CCC AGT CAC GAC-3' (SEQ ID NO:9) 

[0141] A 300 ul DNA Mixture was made that contained 7.5 ug of the single-stranded DNA and 60 pM of the PM1 
primer. Separate 25 ul Enzyme mixes were made that contained 0.5 ul of polymerase, 2 x buffer and 200 nM dNTP 
where for each condition one reaction had normal TTP and one reaction had carboxy-dUTR 25 ul of the DNA Mixture 
45 was mixed with 25 ul of an Enzyme mix and incubated at the appropriate temperature for 30 minutes. 

[0142] The following polymerases were used in this example: Exo(-) Klenow ( Q units/ml from NE Biolabs, Beverly 
MA), Taq polymerase (T units/ul from GIBCO BRL, Qaithersbuig, MD), and Bst polymerase (4 units/ul from NE Biolabs. 
Beverly. MA) 

so Buffers and their compositions are as follows: 

[0143] 

1 X NEBuffer 2 (N.E. Biolabs, Beverly. MA) consists of 10 mM Tris-HCI. 10 mM hfigaz, 50 mM NaCI and 1 mM DTT 
55 (pH 7.9 at 25*^0) 

Buffer 2A was the same as NEBuffer 2 except the pH Is 7.1 and the MgCl2 was only 2 mM. 

[0144] Buffer 2M was the same as NEBufrer 2 except the MgCl2 was only 2 mM and ImM MnS04 was also Included. 
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[0145] 1 X ThermoPol Buffer (N.E. Biolabs. Beverly. MA) consists of 20 mM TrisHQ (ph 8.8 at 25<*C). 10 mM KCt. 10 
mM (NH4)2S04. 2 mM MgS04 and 0.1 % Triton X>100. 

iii) Analysis of primer extension reactions 

5 

[0146] Assessment of tlie ability of the various polymerases to utilize the cartx)xy-dUTP as a substrate can be carried 
out in a number of different ways. In the present example, this was qualitatively observed without the use of labeled pre- 
cursors by evaluation of the conversion of the single-stranded DNA into a doUble-stranded form by gel analysis. This 
conversion event can be seen by a retardation in its migration in an agarose gel corrpared to the singte-strarKled pre- 

10 cursor and by an increased fluorescence due to its ability to bind Ethidlum Bromide more efficientiy. Although this 
method was used in the initial assessments of studies on cartx>3cy-dUTP incorporation, more information can be 
obtained by digesting the extension products with a restriction enzyme. Since the particular restriction enzyme used for 
this analysis is unable to digest single-stranded DNA, production of fragments is an indication of a double-strarxied 
region at the restriction enzyme site. By reduction of the circular DNA into linear pieces, it becomes easier to make com- 

15 parative assessments of the amount of conversion by the different polymerases. In addition since the positions of the 
various restriction fragments are known relative to the primer, it allows an evaluation of the length of the extended prod- 
uct. 

iv) Digestion with Restriction enzymes 

20 

[0147] Since tiie templates from the primer extension reactions consisted of unmodified DNA. the cartx>xy-dUTP 
reactions contain one strand that is normal and a complementary strand that is substituted completely with the cartx>xy- 
dU derivative producing a heml-substituted restriction site wherever Ts are part of the recognition site. The enzyme 
used for the evaluation was BstiSII whose recognition sequence is GG A/T CC. The computer program MacDNASIS 
25 (Hitachi Software Engineering America. Ltd, South San Fransisco. CA) was used to predict the locations of the individ- 
ual GG(T)CC and GG(A)CC sites. 

V) Analysis of reactions 

30 [0148] Figure 1 9 shows the results of extension reactions with various buffers, enzymes and temperatures. First off it 
can be noted that the reactions with the unsuk^stituted dNTP form a different pattern from the reactions with carboxy- 
dUTP. Analysis of the positrons of the GG(T)CC and GG(A)CC sequences in the products showed that the pattern from 
BstN1 digestion of tfie unsut^stituted reactions was due to the expected digestion at both the GG(T)CC and GG(A)CC 
sites but the cartsoxy-dUTP reactions only exhibited digestions at the GG(A)CC sequences. A reaction was also carried 

35 out using dUTP as a substrate and there was digestion at all sites showing that it was the presence of the cartK>xy and 
its linker rather than the use of dU that was the cause of the resistance to digestion by BstNl (data not shown). Figure 
20 is a compilation of the results from Figure 19 with relative levels of synthesis rated from (-) for no synthesis, (+/-) for 
barely visible and on up to a rating of (••- + + +). In general the best synthesis for carboxy-U incorporation was seen with 
the BstpolymeraseHTiermopol Buffer conditions. 

40 

Example 6 Effects of carboxy-U on Mg-i- requirements in PGR 

[0149] PGR amplification was carried out with dout^le-stranded T7 DNA as a template and two oligonucleotides TS- 
1 and TS-4 as primers. These oligonucleotides have been previously described in U.S. Patent Application Serial No. 

45 08/574.443. filed on 1 2/1 5/95 and produce a 622 b>ase pair product. 1 00 ul reactions were carried out that consisted of 
400 ng of T7 DNA. 50 pM of TS-1 . 50 pM of TS-4, 1 x PE Buffer (BRL) 200 mM dNTP, and 15 units of Taq Polymerase 
(GIBCO BRU Gaithersburg, MD). Gyde conditions were 25 cycles of 94*>C for 50 seconds, 50^C for 25 seconds and 
ee^'C for 3 minutes. Figure 21 shows the results of this synthesis. When normal nucleotides were used as substrates 
for the reaction. 1 mM MgGi2 was adequate for amplification. In contrast, when the reaction was carried out with car- 

50 boxy-dUTP. 2mM MgGl2 produced only dimers of the oligos and a minimum of 3vrM MgCl2 necessary for syntiiesis 
of the appropriately sized anplicon. 

Example 7. Various themnostable polymerases 

55 [0150] Amplification was carried out as described In Example X-22 except that all reactions were carried out in the 
presence of 3mM MgCl2 and only 5 units of polymerase was used for each reaction. Taq polymerase (QIBGO BRL, 
Gaithersburg. MD) was compared to Tfl. Tth. Anriplitherm and Replrtherm polymerases (all from Epicentre, Madison 
Wl). All reactions used the buffers that came with each enyzme. Gel analysis of the reactions is shown in Figure 22. 
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Lowering the amount of Taq gave a considerable reduction of synthesis in the presence of the cariDOxyUTP conpared 
to the reaction seen in Example 6. There was no effect at all seen with the normal TTR For the other polymerases, the 
only one that gave any appreciable amount of product was the Tth polymerase and this was more active than the Taq 
polymerase under the conditions used. 

5 

Example 8 

[0151] In Example 7, the reactions with the various polymerases were carried out in the presence of 3mM MgCl2. 
However, the lack of synthesis by some of these polymerases may reflect a different Mg**"^ concentration requirement 

10 when carboxy-UTP is a substrate. One of the enzymes that showed no synthesis in the presence of cartx>xy-UTP but 
gave extensive synthesis with normal TTP was tiie Tfl polymerase. This enzyme was tried under ttie same reaction con- 
ditions descrbed above but 2 mM. 4 mM and 6 mM MgCl2 levels were used for the reactions. In addition, the same titra- 
tion was used with Taq polymerase (Perkin-Elmer. Foster City. CA) in FE Buffer (Perkin-Elmer, Foster City. CA) and with 
Tfl polymerase with the addition of 5 ul of PGR Enhancer (Stratagene. La Jolla. CA). The results of this are shown in 

IS Figure 23. Under the conditions used. 6 mM MgCIa gave the best amount of synthesis for the Taq polymerase and the 
Tfl alone showed no syntiiesis witii 2, 4 or 6 mM MgCl2. However, when PCR Enhancer was included in the reaction, 
the Tfl polymerase was able to generate appreciable amounts of synthesis. Similar to Taq. the highest level was 
achieved with 6 mM MgCt2. The level of syntiiesis shown for the Tfl /PCR Enhancer reaction was also higher than the 
Taq reaction. PCR Enhancer was tried with the other thermostable polymerases Ttti, Amplitherm and Replitiierm for 

20 amplification with the cart)Oxy-UTP. The results of this are shown in Figure 24. Although it was unable to rescue ampli- 
fication by the Amplitherm polymerase, there was now syntiiesis shown for the Replitiiemi polymerase. The Ttii 
polymerase, which other tiian Taq was the only polymerase to show anrplif ication with tiie caitx)xy-UTP in Example 7. 
showed the highest level of amplification with the PCR Enhancer. Also, for the Tth/PCR Enhancer series, the reaction 
with 8 mM MgCl2 gave more amplification than 6 mM MgCIa reaction. 

25 

Example 9 Variations in the thermal conditions of amplification 

[0152] Two Oligonucleotides. TS13 and TS14, that have also been described in ENZ (?) were used for amplification 
of a different segment of bacteriophage T7 DNA in the presence of cartx3xy-dUTP. The product of these primers is a 

30 136 bp amplicon that Is smaller than the product synthesized in the previous examples. A sequential series of PCR 
reactions were carried out in two phases. Each reaction used the Tth polymerase as well as the PCR Enhancer 
described above. The first phase in each reaction was a series of 5 cycles using the cycling conditions described above 
to create templates containing caitx>xy-dU in both strands. The second phase in each reaction used various lower tem- 
peratures for the annealing, elongation or denaturation steps. Preliminary attempts at varying temperatures showed 

35 that temperatures below 80*'C were unsuccessful in carrying out amplification with this amplicon so that efforts to dose 
the difference between the highest and lowest temperature were made by raising the annealing temperature. For each 
set of temperature conditions, the MgCl2 level was also varied. A compilation of results derived from a gel analysis of 
three sets of these reactions is given kielow: 

40 



Denaturation 


Annealing 


Extension 


MgClg 


Synthesis 


a) 80*'C 2' 


SS^'C 25" 


68**C 2' 


5mM 


+ + 








4mM 


+ 








3mM 




b) SO'^C 2' 


60»C25'' 


68**C 2' 


6mM 










5mM 










4mM 


+ + 


c) 80*'C 2' 


65"C 25" 


70*»C 2' 


6mM 










4mM 


+ + 








2mM 


+ + 



[0153] In addition to the reactions above, a series of reactions was carried out with a denaturation step of WC for 2' 
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combined with an annealing/extension step of 68''C for 2'. Various factors were also included with this compressed 
cycle to see if the efficiency of the reaction could be augmented. A gel with the products from these reactions is shown 
in Figure 25. ft can be seen that with as small a difference as 12**C between the highest and lowest temperatures there 
was still amplification of the amplicon and the only factor that seemed to enhance synthesis under these thermal con- 
5 ditions was the addition of extra polymerase. 

Example 9 Effect on compressed thermal amplification conditions by variations in the primer sequence 

[01 54] In addition to the TS1 3 and TS 1 4 primers described above, primers were designed that had variations of these 

10 sequences to see if the range between the highest and lowest temperatures could be further compressed. The 
sequences for TS13. T314 primers and their variants as well as the region of the T7 genome from which they were 
derived is shown in Rgure 26. The differences in the sequences of these primers made some small changes in the size 
of the amplicon but essentially the same T7 segment was ampfified in each of the reactions with these primers. 
[01 55] A series of reactions were carried out using various combinations of the primers from Figure 26. With 20 cycles 

15 of dO^'C for 2' and 68''C for 2'30". there was only a 12^*0 separation between the denaturation step and the anneal- 
ing/extension step. A gel analysis of these reactbns is shown in Figure 27. All of the primer combinations demonstrated 
amplification of an appropriate band although there were difference in their efficiencies. Controls were also included in 
this set of reactions where either normal dTTP or allylamine-dUTP was used in place of the carboxy-dUTP; these reac- 
tions gave no detectable levels of amplification. 

20 [01 56] The same combinations of primers were tried in amplification reactions with 20 cycles of SO'^C for 2' and IZ'C 
for 2'30", A gel analysis of these reactions is shown in Figure 28. Under these thermal conditions, most of the primer 
combinations failed to amplify. However, all of the reactions that included the TS23 primer as one of the primer pairs 
gave amplification. In regard to the other primers that were used in conjunction with the TS23 primer, the relative levels 
of amplification were in the order of TS21 >TS22>TS13. Although there may be other factors involved, this ordering may 

25 be related to an inverse relationship to the numbers of carboxy-dUTP moieties present in the segments of the template 
strands where the primers bind since this would be 10. 1 1 and 14 respectively for the TS21 , TS22 and TS13 primers. 
The results shown in Figure 28 show that when carboxy-dUTP is used as a substrate, amplification can be carried out 
with only an B^'C difference between the denaturation and annealing/extension temperatures. 

30 Example 10 Post synthesis modification of a primer extension product 

[01 57] A primer extension reaction was carried out in the presence of ally! amine dUTP. The template for the reaction 
had the following sequence: 

35 5*- AGGTAACTTA AGATGGTCAG GCTGAAAGGA GGAACTATATC TGCAGAA-3' (SEQ ID NO:1 0) 

[01 58] The primer used for the reaction was TS 1 4 which has previously been described. Reaction mixtures consisted 
of 1 ul of TS14 primer (100 pmoles). 1 ul of template (100 pmoles), 2 ul of 25 mM MgCla. 2 ul of 400 uM 
dGTP/dCTP/dATP. 2 ul allylamine ddUTP (ENZO Diagnostics. Farmingdale. NY). 1 ul of Amplitaq DNA polymerase 

40 (Perkin-Elmer. Emeryville, CA). 1-3 ul of TAPS buffer and 0-2 ul of H^O) for a final volume of 12 ul for each reaction. 
TAPS buffer consisted of 200 mM TAPS (SIGMA, St. Louis. MO). 500 mM KQ with a ph of 9.6 unless otherwise indi- 
cated. Reactions had various levels of TAPS buffer and the pH was also varied. The particulars for each reaction are 
given inand amount of in the reactions were assessed and are described in Figures 29 and 30. As a control, reactions 
were also included that contained no enzyme or used Fluorescein ddUTP (ENZO Diagnostics, Farmingdale, NY) 

45 instead of the allylamine ddUTP. Reaction mixes were heated to 94''C for 1 minute and then incubated at 68''C for one 
hour. 

[0159] Reactions were centrifuged briefly in a microfuge and 1 ul of 50 mM Fluoroscein-5(6) catt>oxamido-caproic 
acid N-Hydroxysuccinimide ester (FI-NHS ester) was added to each reaction and incubated at 37**C for three hours. 
Extent of synthesis and labeling were assessed by acrylamide gel electrophoresis. Ruorescent labeling was identified 

so by putting the gel on a UV illuminator and taking a Polaroid picture using a Wratten 58 Kodak Filter (SIGMA, St. Louis, 
MO). The gel was then stained in Ethidium Bromide for 20 minutes followed by destaining for 20 minutes and a picture 
taken using the normal filter. Figure 29 shows the fluorescence provided by the incorporated fluorescein (top gel) and 
Ethidium Bromide staining (bottom gel) for each of the various reaction corxJitions. The photographs of these gels were 
also scanned and a photonegative made of each of them. The results of this are shown in Figure 30. The photonegative 

55 provides a better assessment of the results of the experiment. It can be seen in the upper photo that there is an exten- 
sion product made that is capable of generating a fluorescent signal under the various conditions used in the reactions. 
The highest level seems to have been achieved with 3 x TAPS at pH 9.7. This experiment also demonstrates that there 
Is higher signal generation with the post-synthesis modification than the control that used ddUTP that was pre-modif led 
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with fluorescein (lane 8). The extent of synthesis seen in the lower gel also demonstrates the utility of this approach 
where it can be seen by the presence of the upper band in lane 8 that there was incorporation of the normal bases even 
though there was minimal incorporation of the pre-modified ddUTP. 

[0160] Many obvious variations will be suggested to those of ordinary skill in the art in light of the above detailed 
5 description of the present invention. All such obvious variations are fully conterrplated and embraced by the scope and 
spirit of the present invention as set forth in the claims that now follow. 



SEQUENCE LISTING 

<110> Rabbani, Elazar 

Stavrianopoulos, Jannis G. 
Donegan, James J. 
Coleman/ Jack 
Walner, Marleen 

15 

<120> NOVEL PROCESSES FOR AMPLIFYING NUCLEIC ACID, 

POST-TERMINATION LABELING PROCESS FOR NUCLEIC ACID 
SEQUENCING AND PRODUCING NUCLEIC ACID HAVING DECREASED 
THERMODYNAMIC STABILITY 

20 

<130> 09/104067 FILED 062498 



<140> 09/104,067 
<141> 1998-06-24 

25 

<160> 18 



<170> Patentin Ver. 2.0 



30 



<210> 1 
<211> 49 
<212> DNA 

<213> Hepatitis B virus 



35 



50 



<400> 1 

catagcagca ggatgaagag gaatatgata ggatgtgtct gcggcgttt 49 



<210> 2 
<211> 50 
<212> DNA 
40 <213> Hepatitis B virus 

<400> 2 

tcctctaatt ccaggatcaa caacaaccag aggttttgca tggtcccgta 50 

45 <210> 3 

<211> 19 
<212> DNA 

<213> Hepatitis B virus 
<400> 3 

ggatgtgtct gcggcgttt 19 

<210> 4 
<211> 20 

55 
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<212> DMA 

<213> Hepatitis B virus 
^ <400> 4 

aggttttgca tggtcccgta 20 

<210> 5 
<211> 38 
10 <212> DNA 

<213> Hepatitis B virus 

<400> 5 

ctcatcttct tattggttct tctggattat caaggtat 38 



IS 



20 



30 



35 



40 



45 



<210> 6 
<211> 52 
<212> DNA 

<213> Hepatitis B virus 
<400> 6 

catagcagca ggatgaagag gaatatgata gctggatgtg tctgcggcgt tt 52 



<210> 7 
<211> 53 
^ <212> DNA 

<213> Hepatitis B virus 

<400> 7 

tcctotaatt ccaggatcaa caacaaccag tgcaggtttt gcatggtccc gta 53 



<210> 8 
<211> 60 
<212> DNA 

<213> Hepatitis B virus 
<400> 8 

cctgctgcta tgcctcatct gacaaacggg caacatacct cctgctgcta tgcctcatct 60 

<210> 9 
<211> 23 
<212> DNA 

<213> Escherichia coli 
<400> 9 

cgccagggtt tcccagtcac gac 23 

<210> 10 
<211> 48 



so 
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<212> DNA 

<213> Hepatitis B virus 



<400> 10 

aggtaactta agatggtcag gctgaaagga ggaactatat ctgcagaa 



48 



<210> 11 
<2H> 70 
<212> DNA 

<213> Hepatitis B virus 
<400> 11 

tgcgctgcta acaaagcccg aaaggaaggc tgaaaggagg aactatatgg cgtcatacga 60 
tatgaacgtt 70 

<210> 12 
<211> 70 
<212> DNA 

<213> Hepatitis B virus 
<400> 12 

acgccaccat tgtttcgggc tttccttccg actttcctcc ttgatatacg cgagtatgct 60 
atacttgcaa 70 

<210> 13 
<211> 30 
<212> DNA 

<213> Hepatitis B virus 



<210> 14 
<211> 28 
<212> DNA 

<213> Hepatitis B virus 
<400> 14 

tgcgctgcta acaaagcccg aaaggaag 28 

<210> 15 
<211> 31 
<212> DNA 

<213> Hepatitis B virus 



<400> 13 

aatctagagc taacaaagcc cgaaaggaag 
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<400> 15 

acccgcgctg ctaacaaagc ccgaaaggaa g 
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<2L0> 16 
<211> 28 
<212> DNA 
^ <213> Hepatitis B virus 

<400> 16 

cgactttcct ccttgatata gacgtctt 28 

10 <210> 17 

<211> 27 
<212> DNA 

<213> Hepatitis B virus 
15 <400> 17 

cgactttcct ccttgatata cgcgagt 27 

<210> 18 
<211> 28 
<212> DHA 

<213> Hepatitis B virus 
<400> 18 

gatatacgcg agtatgctat acttgcaa 28 

25 



20 



30 Claims 



1 . A process for linearly amplifying a specific nucleic add sequence comprising the steps of: 
providing: 

35 said specific nucleic acid sequence, an initial primer or a nucleic acid construct comprising two segments. 

(a) a first segment (i) being substantiaiiy complementary to a first portion of said specific nucleic acid 
sequence and (ii) capable of template-dependent first extension, and 

(b) a second segment being (i) substantially non-identical to said first segment, (ii) sut^stantially identical 
40 to a second portion of said specific nucleic acid sequence, (iii) capable of binding to a complementary 

sequence of said second segment and (iv) capable of providing for subsequent binding of a first segment 
of a second primer or nudeic acid construct to said first portion of said specific nucleic add sequence 
under isostatic or limited cycling conditions, such that a second primer extension is produced and dis- 
places a first primer extension; and 
45 substrates, txiffer and a template-dependent polymerizing enzyme; and 

incubating said specific nucleic add sequence and said novel primer or nucleic add construct in the pres- 
ence of said substrates, buffer and template-dependent polymerizing enzyme under isostatic or limited 
cycling conditions; thereby linearly amplifying said specific nudeic acid sequence. 

50 2. The process of daim 1 . wherein said first segment or said second segment or both or said primer extension, or any 
of the foregoing, comprise at least one modified nucleotide or nucleotide analog. 

3. The process of claim 2. wherein said second segment comprises at least one modified nucleotide or nucleotide 
analog which increases the thermodynamic stability of said first segment to Its complement in said primer exten- 

55 sion. 

4. The process of claim 2, wherein said modified nudeotide or nudeotide analog of said first segment or said primer 
extension or both decreases the thermodynamic stablll^ of said first segment or said primer extension to its oom- 
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plement. 

5. The process of claim 1 , wherein said initial primer or nudeic acid construct, or said second primer or nucleic acid 
construct, or both, comprises a nucleic add selected from the group consisting of a linear nucleic acid, branched 

5 nucleic add, an inverted nudeic acid and a peptide-nudeic add, or a combination of any of the foregoing. 

6. A process for non-linearly amplifying a specific nucleic add sequence comprising the steps of: 

providing: 

^0 said spedfic nucleic acid sequence, a first initial primer or a nucleic add construct for said specific nucleic acid 

sequence, said first initial primer or nucleic acid construct comprising two segments: 

(a) a first segment (i) being substantially complementary to a first portion of said spedfic nucleic acid 
sequence and (ii) capable of templateKJependent first extension, and 

(b) a second segment being (i) substantially non-identical to said first segment. (Ii) substantially identical 
to a second portion of said specific nudeic acid sequence. Q\\) capable of binding to a complementary 
sequence of said second segment and (iv) capable of providing for subsequent binding of a first segment 
of a second primer or nudeic acid construct to said first portion of said specific nucleic add sequence 
under isostatic or limited cycling conditions, such that a second primer extension is produced to displace 
a first primer extension; and a subsequent initial primer or a nucleic add construct to the complement of 
said spedfic nucleic acid sequence, said sut>sequent initial primer or nucleic acid construct comprising two 
segments. 

(a) a first segment (i) being substantially complementary to a first portion of said spedfic nucleic acid 
sequence and (ii) capable of template-dependent first extension; and 

(b) a second segment being (i) substantially non-identical to said first segment, (ii) substantially iden- 
tical to a second portion of said specific nucleic acid sequence, (iii) capable of binding to a comple- 
mentary sequence of said second segment and (iv) capable of providing for subsequent binding of a 
first segment of a subsequent primer to said first portion of said spedfic nudeic acid sequence under 
isostatic or limited cycling conditions, such that a second primer tension is produced and displaces 
a first primer extension; and substrates, buffer and a templatenJependent pdymerizing enzyme: and 

incubating said specific nucleic add sequence and said novel primer or nucleic acid construct in the pres- 
ence of said substrates, buffer and terrplate-dependent polymerizing enzyme under isostatic or limited 
cyding conditions; thereby non-lineariy amplifying said specific nucleic add sequence. 

7. The process of any one of claims 1 to 6, wherein said first initial primer or nucleic acid construct and said second 
initial primer or nudeic add construct are the same. 

40 8. The process of any one of claims 1 to 6, wherein said first initial primer or nucleic acid construd and said second 
initial primer or nucleic add construct are different. 

9. The process of daim 6. wherein at least one member selected from the group consisting of said first segment or 
said second segment of the first initial primer or nucleic add construct, said first segment or said second segment 

45 of the second initial primer or nucleic acid construct, and said primer extension, or any of the foregoing, comprise 
at least one nuxiif led nucleotide or nudeotide analog. 

10. The process of daim 9, wherein the second segment of the first initisd primer or the second initial primer or both 
comprises at least one modified nucleotide or nucleotide analog which increases the thermodynamic stability of 

so said first segment to its complement in said primer extension. 

1 1 . A process for non-linearly anplifying a specific nucleic add sequence comprising the steps of: 

providing: 

55 said spedfic nucleic add sequence and its complement; 

a first initial primer or a nudeic acid construct fbr sard specific nucleic acid sequence, said first initial primer or 
nucleotide acid construct comprising two segments: 
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(a) a first segment (i) being substantially complementary to a first portion of said specific nucleic acid 
sequence and (ii) capable of template-dependent first extension, and 

(b) a second segment being (i) substantially non-identical to said first segment, (ii) substantially identical 
to a second portion of said specific nudeic acid sequence, (iii) capable of binding to a complementary 

5 sequence of said second segment and (iv) capable of providing for subsequent binding of a first segment 

of a subsequent first primer to said first portion of said speciftc nucleic add sequence under isostatic or 
limited cycling conditions, such that a second primer extension is produced and displaces said first primer 
extension: and a second initial primer or nudeic acid construct complementary to said first primer exten- 
sion, said second initial primer or nudeic acid construct comprising a segment characterized by capable 

10 of template-dependent extension under isostatic or limited cycling conditions: and substrates, buffer and a 

template-dependent polymerizing enzyme: incul>ating said specific nudeic acid sequence and said novel 
primer or nucleic add construct in the presence of said substrates, buffer and template-dependent polym- 
erizing enzyme urKier isostatic or limited cycling conditions; thereby non-linearly amplifying said speciftc 
nucleic add sequence 

IS 

12. The process of claim 1 1 . wherein at least one member selected from the group consisting of said first segment or 
said second segment of the first initial pnmer or nudeic acid construct, said segment of the second initial primer or 
nucleic add construct, and said primer extension, or any of the foregoing, comprise at least one modified nude- 
otide or nucleotide analog. 

20 

13. The process of claim 12, wherein the second segment of the first initial primer comprises at least one modified 
nucleotide or nucleotide analog which increases the thernrKXlynamic stability of said first segment to its comple- 
ment in said primer extension. 

25 14. The process of claims 2. 3, 9 or10, wherein said modified nucleotide or nucleotide analog comprises an intercalat- 
ing agent. 

15. The process of claim 6 or 11 , wherein said first segment of the first initial primer or said segment of the second ini- 
tial primer, or both, or their primer extension, or any combination thereof, comprises at least one modified nude- 
otide or nucleotide analog. 

The process of claim 1 5. wherein said modified nucleotide or nudeotide analog decreases the thermodynamic sta- 
bility of said first segment or said primer extension, or both, to its complement. 

The process of claims 4 or 16, wherein said modified nudeotide or nudeotide analog comprises a negatively 
charged chemical group. 

The process of daim 17, wherein said negatively charged chemical group comprises cailDoxyltc acid. 

The process of daims 6 or 1 1 , wherein said first initial primer or nucleic acid construct, or said second initial primer 
or nudeic acid construct, or both, comprises a nudeic acid selected from the group consisting of a linear nucleic 
acid, branched nucleic acid, an inverted nucleic acid and a peptide-nucleic add, or a combination or any of the fore- 
going. 

A process for non-linearly amplifying a specific nucleic add sequence comprising the steps of: 
providing: 

said specific nucleic acid sequence; a singular primer or a singular nudeic add construct capable of non-linear 
amplification, comprising three segments: 

(a) a first segment (i) being substantially complementary to a first portion of said specific nucleic acid 
sequence and (it*) capable of template-dependent first extension; 

(b) a second segment substantially identical to a second portion of said specific nucleic acid sequence; 
and 

55 (c) a third segment substantially identical to said first segment; 

wherein said first primer extension is capable of produdng sequences that are capable of hybridizing to 
said second segment and is capable of self-priming and self-extending to produce a complement to said 
third segment, and 
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substrates, txjffer and a template<lependent polymerizing enzyme and incubating said specific nucleic 
add sequence and said primer or nucleic acid construct in the presence of said substrates, buffer and tem- 
plate-dependent polymerizing enzyme; thereby non-linearly amplifying said specific nucleic acid 
sequence. 

5 

21 . The process of claim 20, carried out under conditions selected from the group consisting of isostatic conditions, lim- 
ited cycling conditions and full cycling conditions. 

22. The process of claims 20 or 21 , wherein a member selected from the group consisting of said first segment, said 
10 second segment, said third segment, said first primer extension, said second primer extension, or any of the fore- 
going, comprise at least one modified nucleotide or nucleotide analog. 

23. The process of any one of claims 20 to 22. wherein said singular primer or nucleic acid construct comprises a 
nucleic acid selected from the group consisting of a linear nucleic acid, branched nucleic acid, an inverted nucleic 

75 acid and a peptide-nucletc add. or a combination of any of the foregoing. 

24. The process of any one of claims 20 to 23, wherein a member selected from the group consisting of said first seg- 
ment, said second segment, said third segment, said first primer extension and said self priming extension, or any 
combination thereof, comprises at least one modified nucleotide or nudeotide analog. 

20 

25. The process of any one of claims 20 to 24, wherein said first primer extension is carried out under conditions 
selected from the group consisting of limited substrate conditions, limited extension duration, or both. 

26. The process of any one of claims 1 to 25. wherein said specific nudeic acid sequence is in single-stranded or dou- 
25 ble-strarKled form. 

27. The process of any one of claims 1 to 26. wherein said specific nucleic acid sequence is found or contained in a 
fragment. 

30 28. The process of dalm 27, wherein said fragment is produced by a means selected from the group consisting of 
physical means, chemical means, pfiysio-chemical means and enzymatic means, or oomt)inations thereof 

29. The process of daim 28, wherein said physical means are selected from the group consisting of sonication and 
heat, or both. 

35 

30. The process of daims 28 or 29, wherein said chemical means conprise acid treatment. 

31 . The process of any one of claims 28 to 30, wherein said enzymatic means is carried out by or with nucleases and 
restriction enzymes. 

40 

32. The process of daim 31 . wherein said nucleases comprise endonudeases. 

33. A post-termination labelling process for nucleic acid sequencing comprising the steps of: 

45 producing, in the presence of untagged or unlabeled substrates, untagged or unlabeled primer, polymerizing 

enzyme, buffer and an appropriate untagged or unlabeled terminator for each nucleotide base, nucleic acid 
fragments corresponding to said nucleic acid sequence of interest, wherein each of said terminators comprise 
a chemically reactive group that covalently binds to a tagged molecule under conditions that intemal 
sequences are substantially non-reactive to said tagged molecules and said chemical reactions do not sub- 
so stantially interfere with separation of said fragments in a medium or matrix; separating the fragments produced 
in a medium or matrix; and detecting said separated fragments by detecting said tagged molecule in said 
medium or matrix. 

34. The process of daim 33. wherein said producing step the chemically reactive groups of said terminators are pro- 
55 tected prior to enzymatic incorporation into the fragment produced and deprotected prior to covalently binding any 

tagged molecule. 

35. The process of claims 33 or 34. wherein said produdng step said chemically reactive group conrprises a nitrogen, 
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a sulfur or an oxygen atom. 

36. The process of any one of dainns 33 to 35, wherein said chemically reactive grot43S on said terminators are differ- 
ent 

5 

37. The process of any one of claims 33 to 36, wherein said chemically reactive groups on said terminators are the 
same. 

38. The process of any one of claims 33 to 37, wherein said producing step said tagged molecule is the same for each 
10 terminator. 

39. The process of any one of claims 33 to 38. wherein said producing step said tagged molecule is different for each 
terminator. 

15 40. The process of any one of claims 33 to 39. wherein said tagged molecule is selected from the group consisting of 
fluorescent dyes, chemtluminescent dyes, infra-red dyes, chemiluminescent entities and electrochemiluminescent 
entities, or combination thereof. 

41 . The process of any one of claims 33 to 40. wherein said separating step is candied out electrophoretically 

20 

42. The process of any one of claims 33 to 41 . wherein said separating step the medium or matrix comprises a gel. 

43. The process of claim 42. wherein said gel comprises a polyacrylamide gel. 

25 44. The process of any one of claims 32 to 43, wherein said separating step is carried out by capillary gel electrophore- 
sis. 

45. The process of any one of daims 32 to 44, wherein said detecting step Is carried out by a means selected from 
photometric measurement, spectrophotometric measurement, colorimetric measurement, fluorometric measure- 
so ment, delayed fluorescent measurement and chemiluminescent measurement, or combinations thereof. 

46. A process for producing nucleic acid sequences that have decreased thermodynamic stability to complementary 
sequences, said process comprising the step of incorporating into the nucleic acid sequences produced at least 
one modified nudeotide or nudeotide analog having a negatively charged chemical moiety. 

35 

47. A single-stranded or double-stranded nucleic acid polymer selected from the group consisting of a linear nucleic 
acid, branched nucleic add, an inverted nucleic acid and a peptide-nucleic acid, or a combination of any of the fore- 
going, wherein said nucleic acid polymer comprises at least one purine or pyrimindine t>ase comprising one nega- 
tively charged chemical moiety in one or both strands. 

40 
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A B 




30 Minutes Incubation 180 Minutes Incubation 



1 53°C, 10'^ dilution 

2 53*0, 10' dilution 

3 53X, 10-* dilution 

4 53*C, 10*^ dilution 

5 53''C, No Target 

6 53X, 10'^ dilution, FC/LRC 

7 53X, 10*' dilution, LFC/RC 

8 Msp I Marker 

9 63'C. 10*^ dilution 

10 63X, 10*^ dilution 

11 63*'C, 10 * dilution 

12 63**C, 10 * dilution 

13 63*^0, No Target 

14 63**C, 10'^ dilution. FC/LRC 

15 63'C, 10"' dilution, LFC/RC 



FIGURE 17 
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A) Gel assay 

Top = Isothermal Amplification 
Bottom = PGR Amplification 

1 Msp I Marker 

2 1x10® target 

3 1x10^ target 

4 1x10^ target 

5 No target 



B) Plate Assay 

1 0^ target 1 0"^ target 1 0^ target No target 

1.702 1.594 0.376 0,085 



FIGURE 18 
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1 Carboxy-U, Klenow. 37X, NEB #2 

2 Normal T, Klenow, 37'C, NEB #2 

3 Carboxy-U, Klenow, 37"C, Buffer #2A 

4 Normal T, Klenow, ST^C, Buffer #2A 

5 Carboxy-U, Klenow, 55*C, NEB #2 

6 Normal T, Klenow, 55'C, NEB #2 

7 Msp I Marker 

8 Carboxy-U, Taq, SS'^C, NEB #2 

9 Normal T, Taq, 55'C, NEB #2 

10 Carboxy-U, Taq, 65^C, Buffer #2M 

1 1 Norma/ T. Taq, 65"C, Buffer #2M 

12 Carboxy-U, Bst BS^'C, Thermopol Buffer 
1 3 Normal T, Bst, 65°C, Thermopol Buffer 
14 Carboxy-U, Taq, 65^*0, Buffer #2A 

1 5 Normal T, Taq, Buffer #2A 
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1 . Msp l/Bst E II marker 

2. Normal T, 1 mM MgClj 

3. ' Carboxy U, 2 mM MgCI, 

4. Carboxy U, 3 mM MgCI, 

5. Carboxy U, 4 mM MgClj 

6. Carboxy U, 5 mM MgCI, 

7. Msp l/Bst E II marker 
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1 . Msp l/Bst E II marker 

2. Normal T, Taq 

3. Carboxy U, Taq 

4. Normal T, Tfl 

5. Carboxy U, Tfl 

6. Normal T, Tth 

7. Carboxy U, Tth 

8. Normal T, Amplitherm 

9. Carboxy U, Amplitherm 

1 0. Normal T, Replitherm 

1 1 . Carboxy U, Replitherm 

12. Msp l/Bst E II marker 



FIGURE 22 
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1. Taq, 2mM MgCI^ 

2. Taq. 4mM MgCIj 

3. Taq, 6mM MgClj 

4. Tfl, 2mM MgClj 

5. Tfl, 4mM MgCU 

6. Tfl, 6mM MgClj 

7. Msp I marker 

8. Tfl/Enh, 2mM MgCl^ 

9. Tfl/Enh, 4mM MgCI^ 

1 0. Tfl/Enh, 6mM MgCI^ 



FIGURE 23 
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Tth/Enh, 4mM MgClj 
Tth/Enh, 6mM MgClj 
Tth/Enh. 8mM MgClj 

Msp l/BspE1 marker 
AmpCitherm/ Enh. 4mM MgClj 
Amplitherm/ Enh, 6mM MgClj 
Amplitherm/ Enh, 8mM MgCIa 

Msp l/BspEI marker 
Replitherm/ Enh, 4mM MgClj 

0. Replitherm/ Enh, 6mM MgClj 

1 . Replitherm/ Enh, 8mM MgClj 



FIGURE 24 
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1 . Msp ! marker 

2. 0.3X enhancer 

3. Control 

4. deaza G 

5. Gene 32 

6. 10% DMSO 

7. 3X polymerase 
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1 . Msp I marker 

2. TS13 + TS14 

3. TS13 + TS23 

4. TS13 + TS24 

5. TS21 + TS14 

6. TS21 + TS23 

7. TS21 + TS24 

8. TS22 + TS14 

9. TS22 + TS23 

10. TS22 + TS24 

1 1 . Msp I marker 

^ 2. TSl 3 + TS1 4 (different lot of C-U) 

13 TS13 + TS14 lallylamine dUTP) 

14. TS13 + TS14 (normal dTTP) 
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1. TS13 + TS14 

2. TS13 + TS23 

3. TS13 + TS24 

4. Msp I marker 

5. TS21 + TS14 

6. TS21 + TS23 

7. TS21 + TS24 

8. TS22 + TS14 

9. TS22 + TS23 

10. TS22 + TS24 

1 1 . Msp I marker 
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Fluorescent detection 



Ethidium Bromide fluorescence 



1 1 X TAPS, pH 9.2 

2 2 X TAPS, pH 9.2 

3 3 X TAPS, pH 9.2 

4 3 X TAPS, pH 9.7 

5 3 X TAPS, pH 9,2 

6 3 X TAPS, pH 8.6 

7 No enzyme control 

8 Fluorescein 12-ddUTP control 



FIGURE 29 



BNSCXXfD: <EP ^0971039A2_I_> 



65 



EP0 971 039 A2 



i 

Fluorescent detection | 




Ethidium Bromide fluorescence 




1 1 X TAPS, pH 9.2 

2 2 X TAPS, pH 9.2 

3 3 X TAPS, pH 9.2 

4 3 X TAPS, pH 9.7 

5 3 X TAPS, pH 9.2 

6 3 X TAPS, pH 8.6 

7 No enzyme control 

8 Fluorescein 1 2-ddUTP control 
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(57) This invention provides novel processes for 
amplifying nucleic acid sequences of interest, Including 
linear and non-linear amplification. In linear amplifica- 
tion, a single Initial primer or nucleic add construct is 
utilized to carry out the amplification process. In non- 
linear amplification, a first initial primer or nucleic acid 
construct is employed with a subsequent initial primer 
or nucleic acid construct. In other non-linear amplifica- 
tion processes provided by this invention, a first initial 
primer or nucleic acid construct is deployed with a sec- 
ond initial primer or nucleic acid construct to amplify the 
specific nucleic acid sequence of interest and its com- 
plement that are provided. A singular primer or a singu- 
lar nucleic acid construct capable of non-linear amplifi- 



cation can also be used to carry out non-linear amplifi- 
cation in accordance with this invention. Post-termina- 
tion labeling process for nucleic acid sequencing is also 
disclosed in this invention that is based upon the detec- 
tion of tagged molecules that are covaiently bound to 
chemically reactive groups provided for chain termina- 
tors. A process for producing nucleic acid sequences 
having decreased themiodynamic stability to comple- 
mentary sequences is also provided and achieved by 
this invention. Unique nucleic acid polymers are also 
disclosed and provided in addition to other novel com- 
positions, kits and the like. 



CO 
< 

a> 

CO 

o 
o 

UJ 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCID: <EP ^0971039A3J_> 



EP0 971 039 A3 



European Patent 
OHice 



EUROPEAN SEARCH REPORT 



Application number 
EP 99 11 2181 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (IfttCUS) 



D.X 



UO 92 00989 A (ICI PLC) 

23 January 1992 (1992-01-23) 

• abstract * 

>•< page 2, paragraph 5 - page 17 * 

* claims 1-17 * 

AUER T ET AL: "SELECTIVE AMPLIFICATION OF 
RNA UTILIZING THE NUCLEOTIDE ANALOG 
OITPAND THERNUS -mERMOPHILUS ONA 
POLYMERASE" 

NUCLEIC ACIDS RESEARCH, OXFORD UNIVERSITY 
PRESS, SURREY, 6B. 

vol. 24. no. 24. 1996, pages 5021-5025. 
XP0029 16438 
ISSN: 0305-1048 



* abstract * 

GREIN T ET AL: "3 DEAZA AND 
7-DEAZAPURINES: DUPLEX STABILITY OF 
OLIGONUCLEOTIDES CONTAINING MOOIFIED 
ADENNE OR GUANINE BASES" 
BIOORGANIC & MEDICINAL CHEMISTRY LETTERS, 
OXFORD, GB, 

vol. 4, no. 8, 1994, pages 971-976, 

XP000601094 

ISSN: 0960-894X 

* page 971 * 



33-45 



C12Q1/68 
C12P 19/34 



46,47 



2.4,9. 
12.15, 
16,22,24 



46.47 



TECHNICAL FIELDS 

SEARCHED (mucie} 



C12Q 



-/- 



The present search report has t>een drawn up for all claims 



naoo of 8aar(i> 

MUNICH 



10 November 2003 



Madlener, M 



CATEGORY OF CrTEO DOCUMEMTS 

X : paftioilafly relevant B taken atone 

Y : panicutarty retevam ii oomwned with anottier 

<Jocument of the same caiegofy 
A : lechitolooical background 
O : non-wftiten (fisdosura 
P : interfnediaie documem 



T : Itteory or principle underlying the invention 
£ : eartier patent document, txft putilisned on, or 

after the mng dale 
D : documem died in the application 
L : dDcumeni ded for other reasons 



a : memtMr oi tha same paiem family, ooirespond'tng 
document 



2 



BNSOOCID: <EP ^0971039A3_I_> 



EP 0 971 039 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 
EP 99 11 2181 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Caiegoiy 



Citatioo of document wfth indleaiion, where approprtate, 
ot relevant passages 



Rclcjvant 
to daim 



CLASSIFICATION OP THE 
APPLICATION <lntCK6) 



SOWERS L C ET AL: "EQUILIBRIUM BETWEEN 
WOBBLE AND IONIZED BASED PAIR FORMED 
BETWEEN FLUOROURACIL AND GUANINE IN DNA AS 
STUDIED BY PROTON AND FLUORINE NMR" 
JOURNAL OF BIOLOGICAL CHEMISTRY, 
vol. 263, no. 29, 1988, pages 14794-14801, 
XP002260887 
ISSN: 0021-9258 

* abstract * 

* page 14798 * 

« page 14800, left -hand column 4^ 



46,47 



US 5 270 184 A (WALKER GEORGE T 
14 December 1993 (1993-12-14) 

* abstract * 

* claim 1 * 



ET AL) 



ET 



US 5 470 723 A (JUR6ENSEN STEWART R 
AL) 28 November 1995 (1995-11-28) 

* abstract * 

* column 3, line 49 - column 7. line 36 « 

* figure 1 * 

WILTON ET AL: "SNAPBACK SSCP ANALYSIS: 
ENGINEERED CONFORMATION CHANGES FOR THE 
RAPID TYPING OF KNOWN MUTATIONS" 
HUNAN MUTATION, WILEY-LISS. NEW YORK, NY, 

US, 

vol. 11, 1 March 1998 (1998-03-01), pages 
252-258, XP002094957 
ISSN: 1059-7794 

* abstract * 

* table 1 * 

* page 253, right-hand column * 

* page 254, right-hand column ♦ 
figures 1,3 * 

-/-- 



1-32 



1-32 



1-32 



The presera search repon has been <Srawn up for au claims 



TECHNICAL FIELOS 
SEARCHED Ont.Cfc6} 



Pbnelcuich 

MUNICH 



Oateef eomp'wtanafttwsaaicti "~ 

10 November 2003 



Exminer 

Nadlener, M 



CATEGORY OF CnED DOCUMENTS 

X : pailicutafijr retevani if taken alone 

V : particulafly lefevam H combined wfih another 

document ot the same category 
A : lechnotogical baclCQround 
O : nofwwniten cfiscJosura 
P : Intefroedlaie documen 



T : theory or principle underlying the inverUion 
E : eanter patent document, but pubttshed on. or 

alter ine fifing date 
D : document died in the application 
L : document ctted (or other reasons 



S. : awnberol the same pgtfont famiV. correspoftdfrig 
document 



3 



BNSDOCID: <EP p971039A3J_> 



EP0 971 039 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Applkatton Number 

EP 99 11 2181 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Cttation of cjocument with incftcaUon. where appropriate. 
of retevant passages 



RetevanI 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnLCI.6) 



PATEL R ET AL: "Formation of chimeric ONA 
primer extension products by template 
switching onto an annealed downstream 
oligonucleotide" 

PROCEEDINGS OF THE NATIONAL ACADEMY OF 

SCIENCES OF USA, NATIONAL ACADEMY OF 

SCIENCE. WASHINGTON, US, 

vol. 93, April 1996 (1996-04), pages 

2969-2974. XP002158856 

ISSN: 0027-8424 

* page 2973, right-hand column, paragraph 
2 * 

« Scheme 2, hairpin structure IV ♦ 

WALKER 6 T ET AL: "STRAND DISPLACEMENT 
AMPLIFICATION - AN ISOTHERMAL, IN VITRO 
DNA AMPLIFICATION TECHNIQUE" 
NUCLEIC ACIDS RESEARCH, OXFORD UNIVERSITY 
PRESS, SURREY, GB, 

voK 20. no. 7, 1992, pages 169W696, 

XP002019521 

ISSN: 0305-1048 

* abstract ♦ 

* figures 1,2 * 

KURFURST ET AL: 

"Oligo-. alpha. -deoxyribonucleotldes with a 

modified nucleic base and covalently 

linked to reactive agents" 

TETRAHEDRON, ELSEVIER SCIENCE PUBLISHERS, 

AMSTERDAM, NL, 

vol. 49, no. 32, 

6 August 1993 (1993-08-06), pages 
6975-6990. XP002117189 
ISSN: 0040-4020 

* page 6975 - page 6976, paragraph 1 ♦ 



1-32 



1-32 



TECHNICAL FIELDS 
SEARCHED On^CL6) 



3,10,13, 
14 



The present search report has been drawn up (or all claims 



Rseoot searcn 

MUNICH 



OaiB oi eampietnn m tpe senrtfi 

10 November 2003 



Exemtnof 

Madlener, M 



CATEGORY OF CnED OOCUMEhOS 



X : paiiiculaify retevani (I t 
Y : panicuiaTiy reievaiii II coinHnecJ with anoihei 
document Of the same caaegory 

A;' ^ 



O : iu>n-«rrfiien tfsclosure 
P : intermediaie ftooumeni 



T : theory or principle undertyfaig the invention 
B : eaiUer paienl documsm. tMit pubTshed on. or 

afier Ihe fifing date 
0 : docuineni c&ed in me appOcailon 
L : document died lor other reasons 

& : member o( the same patent lairtiy. ooff esponding 



4 



BNSOOCID: <EP ^0971039A3J_> 



EP 0 971 039 A3 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppUcatlon Number 

EP 99 11 2181 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


CHation of document with indication, where appropriate, 
of relevant passages 


Relevant 
todaim 


CLASSIFICATION OF THE 
APPLICATION (inLCI.6} 


Y 


NIELSEN P E ET AL: •PEPTIDE NUCLEIC ACIDS 
(PNA): OLIGONUCLEOTIDE ANALOGS WITH A 
POLYAMIDE BACKBONE" 

REACTIVE DERIVATIVES OF OLIGONUCLEOTIDES 
IN ANTISENSE RESEARCH AND APPLICATIONS, 
CRC PRESS, BOCA RATON, FL,, US, 

1993, pages 363-373. XP000943964 
* the whole document * 


5,19,23 


• 


Y 


19 February 1998 (1998-02-19) 
* the whole document * 






n Y 


us 5 047 51 Q A fCOCUZZA ANTHONY J ET AL^ 
10 September 1991 (1991-09-10) 
♦ the whole document * 






Y 


DD 265 429 A (ADL INST PHYTOPATHOLOGIE) 
1 March 1989 (1989-03-01) 
* the whole document * 


33-45 




A 


US 5 260 433 A (KLINE STANLEY ET AL) 


33-45 


TECHNICAL FIELDS 
SEARCHED (lfiLCL6| 




9 November 1993 (1993-11-09) 
♦ the whole document * 




A 


US 5 476 928 A (WARD DAVID C ET AL) 
19 December 1995 (1995-12-19) 
* the whole document * 


33-45 




A 


US 4 707 440 A ( STAVRIANOPOULOS JANNIS 6) 
17 November 1987 (1987-11-17) 
* the whole document ^ 

-/-- 


33-45 




The present searcti report has been drawn Mp tor an claims 







MUNICH 



bai9 at complaiion ol iha saaict* 

10 November 2003 



Madlener, M 



CATEGORY OF CITED DOCUMENTS 



X : pafilctjiafly refevani it taken alone 

Y : particutaily retevani if combined with another 

documeni ol the same category 
A : lechnotogicaJ t»ckground 
O : non-wnitlen disclosure 
P : Mermedlite document 



T : iDeory or principle undetlying ihe invention 
E : eaifler patent documeni. bul puUislied on. or 

after the fling date 
D : documeni cited (n ihe appScaiion 
L : documeni died for other reasons 

A : member of Ihe same paiem famtty. conespondbig 



5 



GNSOCCID: <EP P971039A3.L> 



EP 0 971 039 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 11 2181 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate. 
of relevant passages 



Relevant 
toctaim 



CLASSinCATlON OF THE 
APPLICATION (tntCI.6) 



SAQI J ET AL: "BASE-MODIFIED 
OLIGODEOXYNUCLEOTIOES I. EFFECT OF 
5-ALKYL, 5- (l-ALKENYL) AND 5- (1-ALKYNYL) 
SUBSTITUTION OF THE PYRIMIDINES ON DUPLEX 
STABILITY AND HYDROPHOBICITY" 
TETRAHEDRON LETTERS, ELSEVIER SCIENCE 
PUBLISHERS, AMSTERDAH, NL. 
vol. 34, no. 13, 1993, pages 2191-2194, 
XP001029137 
ISSN: 0040-4039 

* the whole document 

SANGHVI Y S: "HETEROCYCLIC BASE 
MODIFICATIONS IN NUCLEIC ACIDS AND THEIR 
APPLICATIONS IN ANTISENSE 
OLIGONUCLEOTIDES" 

ANTISENSE RESEARCH AND APPLICATIONS, CRC 
PRESS, 6B, 
1993, pages 273-288, XP002921486 

* the whole document * 

WO 98 43991 A (AliERSHAN PHARN BIOTECH UK 
LTD ;SINMONDS ADRIAN CHRISTOPHER (GB); H) 
8 October 1998 (1998-10-08) 

* abstract * 

* page 1, line 1 - page 14, line 25 * 

* example 3 * 

claims 1-13, In particular claims 11-13 



46.47 



46,47 



The present search report has been drawn up toe ad claims 



33-35 



TECHNICAL FIELDS 
SEARCHED <lRt.Clj6) 



MUNICH 



Date oi oomptetioncl the %e»i<t\ 

10 November 2003 



Examtner 

Madlener, M 



8 



CATEGOnV OF CITED OOCUMEI^S 

X : panicuta/ty retevani tf taken alone 

Y : panioutarly relevani if oombineo with anolfwr 

doc umOTjo l t he CTme o iegory 
A : icchnoioglcal bfiCkQFOWd 
O : non-wrttten disclosure 
P : ifdennediaie document 



T : ttieoiy or prlnc^le underlying die (nveniloo 
E : eaifier pal enl OocumenL but putiHstied on. or 

alter itie nsng <taie 
0 : (tocumeni cited in tho applkatlon 
L : documani citod lor other leasofis 



A : membor ol the same patent lamiv. oonesponcSing 



6 



BNSOOCID: <EP 0971039A3J^> 



EP 0 971 039 A3 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

£P 99 11 2181 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy 



Citation of documeni with rndicaaon, where approprfate. 
ol f etevani passages 



Retevant 
to claim 



CLASSIFICATION OF THE 
APPUCATIOM (IntCtS) 



HONEYMAN KAITE ET AL: "Development of a 
snapback method of single-strand 
conformation polymorphism analysis for 
genotyping Golden Retrievers for the 
X-llnked muscular dystrophy allele," 
AMERICAN JOURNAL OF VETERINARY RESEARCH, 
vol. 60, no. 6, June 1999 (1999-06), pages 
734-737. XP001096004 
ISSN: 0002-9645 

* abstract * 

* page 734, right-hand column, last 
paragraph - page 735, left-hand column, 

* 

left-hand column, paragraph 2 



1-32 



paragraph 1 
* page 736, 



* figure 3 * 



TECHNICAL FIELDS 
SEARCHED OntXI-O) 



The present search report has been drawn up for al) claims 



Pteee ot saorch 


Oala ol eomptetion ol tfw aosrch 


Eitaminar 


MUNICH 


10 November 2003 


Nadlener, M 



CATEGORY OF CITED DOCUMENTS 



X : part'cutarty relevan] H taken a 
V : paniculany relevant if oomblned with anolher 

ciocumont of Ihe same categoiy 
A : technological background 
O : noi»-%wrilten dtsdosura 
P : imermecSalo document 



T : theory or pftnclple underlying the Invemton 
E : eaifier patent document, but published on, or 

afterihe filing dale 
O : doeumenl cited bi the appllcatton 
L : document ctted tor other reasons 

i : ffiofter or the same patent fami'^/oorr 



7 



BNSDCCID; <EP ^0971039A3J_> 



EP 0 971 039 A3 



European Patent 
Office 



Application Number 

EP 99 11 2181 



CLAIMS INCURRING FEES 



The present European patent application comprised at the time of tiling more than ten claims. 

□ OnTy part of the claims have been paid within the prescribed time limit. The present European search 
report has been drawn up for ihe first ten claims and tor those claims for which claims fees have 
been paid, namely daim(s): 



□ No claims lees have been paid within the prescrit>ed time limit The present European search report has 
been drawn up for the first ten claims. 



LACK OF UNITY OF INVENTION 



The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invemion and relates lo several inventions or groups of inventions, namely: 



see sheet B 



n 
□ 
□ 



Ail further search fees have been paid within the fixed time limit. The present European search report has 
been drawn up for aB claims. 

As all searchable claims could be searched without effdrt justifying an additional fee. the Search Division 
did not invite payment of any additional fee. 

Only part of the further search fees have been paid within the fixed time limit. The present European 
search repoit has t»een drawn up for those parts of the European patent application which relate to the 
inventions in respect of which search fees have been paid, namely datms: 



□ 



None of the further search fees have been paid within the fixed time fimit. The present European search 
report has been drawn up for those parts of the European patent application which relate to the inventicvi 
first mentioned in the claims, namely claims: 



BNSDCXJID: <EP_ 



_0971039A3J_> 



EP 0 971 039 A3 




European Patent 
Office 



LACK OF UNITY OF INVENTION 
SHEET B 



EP 99 11 2181 



Application Numbor 



The Search Division considers that the pfesem European patent application does not comply wHh the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. Claims: 1-32 

Processes for - linearly or non-linearly - amplifying a 
specific nucleic acid sequence involving a primer comprising 
two segments inducing, e.g., hairpin formation during the 
extension reaction, subsequent binding of a second primer, 
second primer extension, and displacement of the first 
primer extension. 



2. Claims: 33-45 

Post-termination labelling process Involving the 
incorporation of terminators. 



3. Claims: 46-47 

Process for producing nucleic acid sequences having 
decreased thermodynamic stability to complementary sequences 
and single- or double-stranded nucleic acid polymers 
involving at least one modified nucleotide (analog) 
comprising a negatively charged chemical moiety. 



9 



EP0 971 039 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 11 2181 



This annex lists the patent lainlly membersrelaUng to Vie patent documents died In the above-mentionecl European search report. 
The meml>ers are as contained In the European Patent Office EOP file en 

The European Patent Office is In no way liable (or these particulars which are merely given tor the purpose ol inlormaiion. 

10-11-2003 



Patent document 




Publication 






Patent famify 


PuWicatJon 


cited in search report 




date 






member(s) 


date 


Lin o9nnQfiQ 


A 
M 


91— ni— 1QQ9 


WO 


9200989 Al 




lie COTAI QM 


A 


lit 10^1001 


AU 


662937 


B2 










AU 


2849992 A 










CA 


2082842 Al 










DE 


#\Q91 0797 


ni 

Ul 










DE 


M9^ Q7P7 


19 
1 c 


97_T LI 00*7 
t 1 l*~l77/ 








EP 




A? 


riC^lQQ9 








JP 


onft7il07 


c 










OP 


RP7fiQd7 


A 
n 


cO lu'~l770 








OP 


finnnn7^ 

ouuuu / o 


R 
D 


in ni ioo#^ 


US 5470723 


A 

A 


28-11-1995 


US 




A 
n 










US 




A 










AU 


686169 


B2 


Ob-Uii— I75I0 








AU 


688B894 


A 


AO_n'9.i 00c 
TO— U J— I^ISID 








BR 




/\ 


1 1-U4— lyyb 








CA 


2129690 


Al 


9i:_f19_10QC 

^b'^u^i-'iyyb 








DE 


69426956 


Dl 










DE 


69426956 












EP 


0640691 


A2 


ni— n7— iOQ<> 








ES 


2157230 


T3 










OP 


2814422 


B2 


99-1 n— IQQft 








OP 


7163396 


A 


P7-06-1QQ5 








SG 


44897 


Al 


10^1 9>1QQ7 

17 ±C X77f 








US 


5561044 


A 


01-10-1996 

Ul XV X77U 








US 


5736365 


A 


07-04— IQQft 
u/ im 1770 








AU 


673424 


B2 


07-1 1— lOQfi 

U/ 1 * 1^77U 








BR 


9402174 


A 


07-03-1995 








CA 


2125004 


Al 


05-12-1994 








CA 


2125004 


C 


18-12-2001 








DE 


69412540 


01 


24-09-1998 








DE 


69412540 


T2 


24-12-1998 








EP 


0628640 


Al 


14-12-1994 








ES 


2122083 


T3 


16-12-1998 








JP 


2703183 


82 


26-01-1998 








JP 


8019394 


A 


23-01-1996 








MX 


9404063 


Al 


31-01-1995 








S6 


52767 


Al 


28-09-1998 








US 


S62482S 


A 


29-04-1997 








AU 


675503 


B2 


06-02-1997 








AU 


6058094 


A 


10-11-1994 








CA 


2121658 


Al 


06-11-1994 








DE 


69420454 


Dl 


14-10-1999 








DE 


69420454 


T2 


23-12-1999 








EP 


0623682 


Al 


09-11-1994 



For more detals about this annex : see Official Journal of the European Patent Offioe. No. 12/82 



10 



P971039A3_U> 



EP 0 971 039 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 11 2181 



This aimix Us» Itie patent (amny merabersreiaiing to the patent doeumenis cited In the abowe-meniiened Eurapean aeorctt report. 
The ineint>ers a/e as contained m the European Patent OHiee EOP file on 

The European Patent Office is In no way UaUe lOr these particuiare wMeh ate merely given tar the purpose of Cntonnaiiaa. 

10-11-2003 



Patent document 
died In search report 



Publication 
date 



Patent family 
niember(s) 



Publication 
date 



US 5470723 



ES 
JP 
JP 
SG 
US 
CA 
EP 
JP 
JP 
SG 
US 



2136137 T3 
3127079 82 
6343497 A 

50707 Al 
5840487 A 
2122203 Al 
0624643 A2 
2527533 B2 
6319599 A 

44809 Al 
5536649 A 



WO 9806732 



19-02-1998 



US 5047519 



10-09-1991 



16- 11- 
22-01- 
20-12- 
20-07- 
24-11- 
12-11- 

17- 11- 
28-08- 
22-11- 
19-12- 
16-07- 



•1999 
■2001 
-1994 
1998 
1998 
1994 
1994 
1996 
1994 
1997 
1996 



US 


5821356 


A 


13-10-1998 


AT 


196912 


T 


15-10-2000 


AU 


703281 


82 


25-03-1999 


AU 


4039097 


A 


06-03-1998 


CA 


2230059 


Al 


19-02-1998 


OE 


69703298 


Dl 


16-11-2000 


OE 


69703298 


T2 


26-04-2001 


EP 


0915901 


Al 


19-05-1999 


JP 


11513044 


T 


09-11-1999 


WO 


9806732 


Al 


19-02-1998 


US 


2003148470 


Al 


07-08-2003 


US 


6248568 


81 


19-06-2001 


US 


2002045180 


Al 


18-04-2002 


AT 


114651 


T 


15-12-1994 


CA 


1340022 


C 


01-09-1998 


OE 


3750792 


01 


12-01-1995 


DE 


3750792 


T2 


04-05-1995 


OK 


81993 


A 


07-07-1993 


OK 


82093 


A 


07-07-1993 


DK 


337587 


A 


03-01-1988 


EP 


0251786 


A2 


07-01-1988 


ES 


2066760 


T3 


16-03-1995 


GR 


3015197 


T3 


31-05-1995 


IE 


68058 


61 


15-05-1995 


JP 


2097744 


C 


02-10-1995 


JP 


8005908 


B 


24-01-1995 


JP 


63152364 


A 


24-06-1988 


KR 


9601528 


Bl 


01-02-1996 


KR 


9605720 


81 


01-05-1996 


HQ 


872757 


A ,B, 


04-01-1988 


PT 


85237 


A .B 


01-08-1987 


AT 


117316 


T 


15-02-1995 


DE 


3750996 


Dl 


02-03-1995 



I For more details about Ihls annex : sea OtfidaJ Journal of the European Patem Office. No. 12/82 



11 



BNSOOCID: <EP q97103&A3_L> 



EP0 971 039 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 11 2181 



This annex lists the patent family members relating to the patent docunrtents cited in the above-^mentioned European search repoa 
The members are as contained in the European Patent OHice EOP file on 

The European Patent Office Is in no way liable for these particulars which are merely given for the purpose of Informalion. 

10-11-2003 





Patent document 


Publication 






Patent family 


Publlcailon 




cited in search report 


dale 






member(s) 


dais 


uo 






DE 


3750996 


T2 










DK 


337687 


A 


03-01-1988 








FP 






1 '^*01-1988 








IE 


66903 


Bl 


n7-n9— iQQi> 








.IP 

ur 


2610782 


82 


14-05-1997 








jp 


7005170 


A 


10-01-1995 








jp 


1180455 


A 


18-07-1989 








JP 


2088405 


C 


02-09-1996 








Jp 


7121239 


B 


pf^—i 9— loot; 








JP 


2781378 


B2 










Jp 


9124636 


A 


1 flR— 1QQ7 








Jp 


10158530 


A 


1 A^ni\— lOQfi 

1 0 uo 1 ^ylf 0 








KR 


9102227 


Bl 


f\0^i\A 1 QQl 








NO 


872758 


A .B. 


u** ui— IVOO 








PT 


85238 


A .B 


Ui— Uo"~lSfo/ 








US 


5625081 


A 


9Q— nil.l Q07 








US 


5558991 


A 


117 X77VJ 








US 


5608063 


A 










US 


5151507 


A 










US 


5242796 


A 










US 


5332666 


A 


26-07-1994 








US 


5306618 


A 


25-04-1994 


DD 


265429 A 


01-03-1989 


DD 


265429 Al 


01-03-1989 


US 




09-11-1993 


US 


5241060 


A 


31-08-1993 








AT 


81342 


T 


15-10-1992 








AT 


119164 


T 


15-03-1995 








AT 


165605 


T 


15-05-1998 








AU 


585199 


82 


15-06-1989 








AU 


1617983 


A 


05-01-1984 








AU 


4149389 


A 


04-01-1990 








CA 


1223831 


Al 


07-07-1987 








DE 


3382626 


Dl 


12-11-1992 








DE 


3382626 


T2 


06-05-1993 








DE 


3382782 


Dl 


06-04-1995 








DE 


3382782 


T2 


19-10-1995 








DE 


3382822 


Dl 


04-06-1998 








DE 


3382822 


T2 


19-11-1998 








DK 


130684 


A 


29-02-1984 








OK 


130784 


A 


29-02-1984 








DK 


291183 


A 


24-12-1983 








EP 


0097373 


A2 


04-01-1984 








EP 


O2BS0S7 


A2 


05-10-1988 








EP 


0285058 


A2 


05-10-1988 








EP 


02S6898 


A2 


19-10-1988 



ui R)r more details alMul this annex : 



> Offidat Journal of the European Patent Office, tio. 12/82 



12 



BNSDOCID: <EP ^0971039A3J_> 



EP0 971 039 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 11 2181 



This annex (iste the patent tamiry membersrelating to (he patent documents dted in the above-menioned European search report 
The niemt>ers are as contained in the European Patent Office BOP file on 

The European Patent Office is in no way Batrfe for mese particulars which are merely given for the purpose of informabon. 

10-11-2003 



Patent document 
died In search report 



Publication 
date 



Patent rami ly 
merober(s) 



Publication 



US 5260433 



US 5476928 



19-12-1995 



CD 

tr 


U2o39b0 HC 


12-10-19OO 


EP 


0302175 A2 


08-02-1989 


EP 


0618228 Al 


05-10-1994 


ES 


8700270 Al 


01-01-1987 


ES 


8700324 Al 


01-01-1987 


ES 


8802257 Al 


01-07-1988 


ES 


8606903 Al 


16-10-1986 


IL 


69051 A 


29-02-1988 


JP 


11292892 A 


26-10-1999 


JP 


2625095 82 


25-06-1997 


JP 


59062600 A 


10-04-1984 


JP 


2760466 B2 


28-05-1998 


JP 


6234787 A 


23-08-1994 


JP 


3170235 82 


28-05-2001 


JP 


10158294 A 


16-06-1998 


NO 


832292 A 


27-12-1983 


US 


4711955 A 


08-12-1987 


us 


5328824 A 


12-07-1994 


us 


5449767 A 


12-09-1995 


AT 


48140 T 


15-12-1989 


AT 


167189 T 


15-06-1998 


All 

AU 


560651 82 


16-04-1987 


AU 


8257382 A 


21-10-1982 


CA 


1219824 Al 


31-03-1987 


uc 


32Ba03Z 01 


28-12-1989 


OE 


3280478 Dl 


16-07-1998 


DE 


32B0478 T2 


18-02-1999 


DK 


46797 A 


28-04-1997 


DK 


160591 A 


16-09-1991 


OK 


171382 A .8 


18-10-1982 


EP 


0063879 A2 


03-11-1982 


EP 


0329198 A2 


23-08-1989 


IL 


65447 A 


30-01-1987 


JP 


3261798 A 


21-11-1991 


JP 


1720891 C 


24-12-1992 


JP 


3075559 B 


02-12-1991 


JP 


57209297 A 


22-12-1982 


JP 


1972288 C 


27-09-1995 


JP 


6094474 B 


24-11-1994 


JP 


63099093 A 


30-04-1988 


JP 


3279502 82 


30-04-2002 


JP 


10033199 A 


10-02-1998 


JP 


3279503 B2 


30-04-2002 


JP 


10052271 A 


24-02-1998 


JP 


7107998 A 


25-04-1995 



Q 

Si For more details about this annex : see Offlcia) Journal of the European Patent Office, No. 12/82 



13 



BNSDOCID: <EP ^D971039A3J_> 



EP 0 971 039 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



CP 99 11 2181 



This annex Osts the patent family meniDersreiaiIno to the patent documents cited In the al>ove-n)ent)oned European search report. 
The members are as contained in (he European Patent Office EOP file on 

The European Patent Office is in no way GaMe for these parttculars which are merely given for the purpose of information. 

10-11-2003 



Patent document 
cited in search report 



Publication 
date 



Patent famlty 
member{s) 



Publication 



US S476928 


A 




JP 


6000080 6 


10-01-1996 




n 


17-11-1987 


AU 


581577 BP 










AU 


3821285 A 


29-08-1985 








CA 


1314503 C 


16-03-1993 








nit 




ox VJ/ 1703 










01 547RA A? 


1 A-0Q-1QA^ 








EP 


0810435 A? 










CO 


Of r\X 


Iv Vl7 170/ 










8QdO?37 Al 










ES 


8801620 Al 


16-04-1988 








IL 


74186 A 


26-07-1990 








OP 


2110469 C 


21-11-1996 








JP 


8000800 B 


10-01-1996 








OP 


60197645 A 


07-10-1985 








NO 


850354 A 


31-07-1985 








US 


4843122 A 


27-06-1989 








US 


4849505 A 


18-07-1989 








US 


4849208 A 


18-07-1989 








us 


4952685 A 


28-08-1990 








us 


4943523 A 


24-07-1990 








us 


5002885 A 


26-03-1991 








us 


5013831 A 


07-05-1991 








us 


5175269 A 


29-12-1992 


WO 9843991 


A 


08-10-1998 


wo 


9843991 Al 


08-10-1998 








AU 


6847698 A 


22-10-1998 








EP 


0973788 Al 


26-01-2000 








JP 


2001526639 T 


18-12-2001 








US 


6600028 81 


29-07-2003 



b For more details aboui this annex : see OfTiciai Journal lyf the European Patent Office. No. 12/82 



14 



BNSDCXJIO: <EP ^0971039A3J_> 



